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TRICYCLIC ERYTHROMYCIN DERIVATfVRS 



The present invention relates to novel semisynthetic macrolides having antibactoial 
activity and useful in the treatment and prevention of bacterial infections. Mcwc panicularly. 
the invention relates to tricyclic erythromycin derivatives, compositions containing such 
5 confounds and methods for using the same, as well as processes for making such 
compounds. 



Background of the Tnv«>nrinn 

Erythrwnycins A through D, rq)resented by formula (E), 




(E) 

10 are well-known and potent antibacterial agents, used widely to treat and prevent bacterial 
infection. As witfi other antibacterials. however, bacterial strains having resistance or 
insufficient susceptibUity to erythromycin have been identified. Also, erythromycin A has 
only weak activity against Granrhnegative bacteria. Therefore, there is a continuing need to 
identify new erythromycin derivative compounds which possess improved antibacterial 

15 activity, which have less potential for developing resistance, which possess the desired 
Gram-negative activity, or which possess unexpected selectivity against target 
microorganisms. Consequently, numerous investigators have prepared chemical derivatives 
of eiythromydn in an attempt to obtain analogs having modified or improved profiles of 
antilHotic activity. 

20 Kashimura ei al. have disclosed 6-0-mcthylerythromycin derivatives having a 

tricyclic basic nuclear structure in European AppUcation 559896, published November 1 1. 
1991. Also. Asaka et al. have disclosed 5-0-desoaminylerythronolide derivatives containing 
a tricycUc carbamate structure in PCT Application WO 93/21200. pubUshed April 22, 1992. 
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Summary of the Fny^fliipn 

The present invention provides a novel class of antibacterial tricycKc erythromycin 
compounds which possess antibacterial activity. 

In one aspect of the present invention are disclosed novel tricyclic erythromycin 
compounds selected from the group having the formulas: 



(I) 




(D) 



NM«2 





LCH3 


6 


























CHg 


0 






CH3 



(III) 




; and 



-2. 
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as well as the pharmaceutically acceptable salts and esters thereof. In formulas (I) - (IV) 
above, 

A, B> D and E are independently selected from the group consisting of: 
(a) hydrogen; 

^ ^ 1 -Q-alkyl, as defined below, optionally substituted with one or 

more substituents selected from the group consisting of: 

(i) aryl, as defined below; 

(ii) substituted-aryl, as defined below; 
Ciii) heteroaryl, as defined below; 

*0 (iv) substituted-heteroaryl, as defined below; 

(v) heterocycloalkyi, as defined below; 

(vi) hydroxy; 

(vii) Ci'C6-alkoxy, as defined below; 

(viii) halogen consisting of Br, CI. F or I; and 

* 5 (ix) NR3r4^ vv'herc R3 and are independently selected from 

hydrogen and Ci-Q-alkyK or R3 and are taken with the nitrogen atom to which they are 
connected to form a 3- to 7-mcmbered ring optionally containing a hetero function consisting 
of .NH% -N(Ci-C6-aUcyl-)-, -NCaryUCi-Q-alkylO-, -N(substiiuted-aryl-C,^C6-alkyl- 
)-, -N(heteroaryl-Ci-C6-alkyl-)-, -N{substituted-hcteroaryl-Ci-C6-alkyl-)% -S- or-S(0)n-, 

20 wherein n is 1 or 2; 



(c) 


C3-C7-cycloalkyl; 


(d) 


aiyl; 


(e) 


substituted-aiyl; 


(f) 


heteroaryl; 


(g) 


substituted-heteroaryl; 


(h) 


heterocycloalkyl; 


and 




(i) 


a group selected frOTi option (b) above further substituted with -M- 



R5. wherein M is selected from the group consisting of 



-3- 
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(aa) -C(0)-NH.: 
(bb) -NH-C(0)-; 
(cc) -NH- 
(dd) -NCCHs)- 
S (ee) -a 

(fO -S{0)n-, wherein n is 0» 1 or 2; and 
(gg) -C(=NH)^NH-; 
and R5 is selected from the group consisting of: 

(aaa) Ci -C6-aJJcyl, optionally substituted with a substiment selected 
10 from the group consisting of: 

(i) aiyl; 

Cii) suhstiluied-aiyl; 

(ill) heteroaryl; and 

(iv) substituted-hetaroaryl; 
15 (bbb) aryl; 

(ccc) substituted-aryl; 
(ddd) heteroaiyl; 
(eec) substituied-heteroaryl; and 
(flff) heterocycioalkyl: 

20 or 

any one pair of substituents, consisting of AB. AD, AE. BD, BE or DE, is taken 
together with the atom or atoms to which they are attached to fomi a 3- to 7-membercd ring 
optionally containing a hctero function consisting of: 

-o., 

25 -NH-, 

-N(Ci-C6-alkyl-K 
-N(aryl-Ci-C6-alkylO-, 
-N(substituted-aryl-Ci-C6-alkyl-)-, 
-N(het«aroaryUCi-C6^alkyl-)-, 
30 -NCsubstinitcd-heteroaryl-Ci-Cg-alkyl-)-. 

-S- or -S(0)n-, wherein n is 1 or 2; 
*C(0).NHs 

•C(0)-NR5., wherein is as described above; 
-^fH-C(0)-: 

35 -NR5-C(0)-, wherein R5 is as described above; and 

-C(=NH)-NH-; 
R* is selected from the group consisting of: 
(a) hydrogen; 
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(b) hydroxy; 

(c) -0-Ci-C3-aIkyi; 

(d) -0-C3-C5-cycloalkyl; 

(e) -CK:i-C3-alkyl-C3-C5-cycloaikyl; 
5 (f) -CK;(0)-Ci-C3.alkyl; 

(g) -CK;(0)-0-Ci-C3-allcyl; and 

(h) -O-aO^NH-Ci-Cs-alkyl; 

R2 is hydrogen cff a hydroxy-protecting group, as defined below; and 
Z is hydroxy or protectcd-hydroxy; 
10 with the provisos that whai the compound is of Formulas (I) or (m) then A, B, D, and E 
may ncA all be hydrogen, D and E may not be Ci-C3-alkyl when A and B are hydrogen, nor 
may one of D and E be hydrogen and the other be Ci-C3-alkyl when A and B are hydrogen. 

In another aspect of the present invention are disclosed pharmaceutical compositions 
comprising a therapeutically effective amount of a compound of the invention in combination 
15 with a pharmaceutically acceptable carrier and treatment of antibacterial infections with such 
compositions. Suitable carriers and methods of formulation are also disclosed. The 
compounds and compositions of the present invention have antibacterial activity. 

In a further aspect of the present invention are provided processes fw the preparation 
of tricycUc macroiide derivatives of Formulas (I), (D), (III) and (TV) above. 



20 



Detailed Description of the Inventiftp 

In one embodiment of the present invention are compounds selected from the group 
having formula (I) above, wherein A, B, D, E, and RI-R5 are as described above. 

In a second embodiment of the present invention are compounds selected from the 
25 group having formula (11) above, wherein A, B, D, E, R1-R5 and Z are as described above. 

In another embodiment of the present invention arc compounds selected from the 
group having fomiula (01) above, wherein A, B, D, E, and R^-R^ are as described above. 

In yet another embodiment of the present invention are compounds selected from the 
group having fomiula (IV) above, wherein A, B, D, E, and R^-R^ are as described above. 
^0 ^ one preferred embodiment of the present invention arc compounds of formula (HI) 

above wherein Rl is hydrogen, hydroxy or methoxy. R2 is hydrogen, and A, B, D, E and 
r1-r5 are as described above. 

In another preferred embodiment of the present invention are compounds of formula 
(in) above wherein Rl is hydrogen or methoxy, R2 is hydrogen, and any three of the A, B, 
35 D and E groups are hydrogen and the other group is selected from a singly substituted Ci- 
C6-alJcyl group comprised of -(CH2)mR^ where m= 1, 2, 3 or 4 and R^ is: 

(a) aryl; 

(b) substituted-aryl; 
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wo 97/17356 PCT/US96/16585 

(c) heteroaiyl; 

(d) subsdtuted-heteroaiyl: 

(e) heterocycloalkyl; 

(f) hydroxy; 

5 (g) Ci-Ce-alkoxy 

(h) NR3r4 where r3 and are independenUy selected from hydrogen and Ci- 

C6-alkyl. or R3 and R^ arc taken with the nitrogen atom to which they are connected to form 

a 3- to 7-membcred ring optionally containing a hetero function consisting of -O-. -NH-, 

-N(Ci-C6-alkyl-)-. -N(aiyl-Ci-C6-aIkyl.)-. -NCsubstituted-aryl-Ci-Ce-alkyl-)-. 

10 -N(hcteroaryl-Ci-C6-alkyl-)-, -N(snbstituted-hetcroaryl-Ci-C6-alkyl-)-. -S- or -S(0)n-. 
wherein n is 1 or 2; 

(i) halogen consisting of Br, O, F or t 
(j) C1-C3 alkyl; or 

(k) -(CH2)r M-(CH2)s-R' wherein rM), 1 or 2: s=0. 1 or 2 and M is 
»5 (aa) -C(0)-NH-; 

(bb) -NH-C(O)-: 
(cc) -NH- 
(dd) -N(CH3)- 
(ee) -O- 

20 (fO -S(0)„-. wherein n is 0, i or 2; and 

(gg) -C(=NH)-NH-; 
and R7 is selected from the group consisting of; 
(aaa) Ci-Cs-alkyl, 
(bbb) aiyl; 

25 (ccc) substituted-aryl; 

(ddd) heteroaryl; and 
(eee) substituted-heteroaryl. 
In yet another preferred embodiment of the present invention arc compounds of 
formula (HI) above wherein Rl is hydrogen or medioxy. R2 is hydrogen, B=E=H. and A 
30 and D taken together is selected from the group consisting of: 
(a) -CH2-Z-CH2-. wherein Z is 
(aa) 'C(0)-NH-; 

(bb) -C(0)-NR5-, wherein R5 is selected from the group consisting 

of: 

(3aa) C|-C6-aIkyl. optionally substituted with a substitucnt 
selected from the group consisting of: 

(i) aryl; 

(ii) substituted-atyl; 
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(iii) heteroaryl; and 

(iv) subsdtuted-heteroaiyl; 
(bbb) ayl; 

(ccc) substituted-aryl: 
(ddd) heteroaiyl; 
(eee) subsdtuied-heteroaiyl; and 
(fff) heterocycloalkyl: 
(cc) -^fH-C(0)-; 

(dd) -NR5-C(0)-. wherein R5 is as defined above; 
(ee) -NH- 
(ff) -N(CH3)- 
(gg) -o- 

(hh) -S(0)n-, wherein n is 0, I or 2; and 
(ii) -C(=NH)-NH-; 

(b) -CH2-N(-(CH2)r R')-CH2-, wherein s*0. 1 or 2, and is selected from the 
group consisting of: 

(aaa) Ci-Ca-ailcyl, 

(bbb) aryl; 

(ccc) substituted-aryl: 

(ddd) heteroaiyl; and 

(eee) substituted-heteroaiyl; 

(c) -CH2-N(-(CH2)r M-(CH2)s-R^)-CH2-. wherein iM). 1 or 2; s^, 1 or 2, and 
M and R^ are as defined above; and 

(d) -CH2-(CH2)rCH2-. wherein r*0. 1 or 2, 
Representative of the compounds of the invention include: 

Compound of Formula (IV); Rl^methoxy; R2=hydrogen; AsBsDsEshydro^n; 
Compound of Formula (01). A-B=E«H, D=ben2yl. Rl=methoxy. R2=hydrogen; 
Compound of Fomiula (01), A=B=D=H, E=benzyl, R'=methoxy, R2=hydrogen; 
Compound of Formula aO); A=ben2yl, B=D=E=H. R l=methoxy; 
Compound of Fomtula aU): B=ben2yl. A=D=E=H. Rl=methoxy. R2=hydrogen; 
Compound of Formula (III): A=E=phenyI. B=D=H, RJ=methoxy, R2=hydrogen; 
Compound of Foimula (01); A=mcthyl, B=D=E=H. Rl=methoxy. R2=hydrogen; 
Compound of Formula (01); B=methyl. A=D»E=H. R>=methoxy, R2=hydrogen: 
Compound of Formula (01); A=D=methyl; B=E=H. R>=fnethoxy. R2=hydrogen; 
Compound of Formula (01); A=E=methyl: B=D=H. R>=methoxy, R2=hydrogen : 
Compound of Foimula (HI); B=D=H; A and E taken together is -CH2CH2CH2-. 
R'=methoxy. R2=hydrogen; 
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Compound of Formula (ni); B-E=H; A and D taken together is -CH2CH2CH2CH2-. 
R '=niethoxy, R2«hydrogen ; 

Compound of Formula (I); A=B=D=E=hydio|en; R»=hydiogen. R2=hydrogen; 
Compound of Formula (IH): R'=0CH3, R^=H; A=B=D=H: E=-CH2NH2; 
5 Compound of Formula (in): R'=0CH3, R^=H; A=B=E=H: D=-CH2NH2; 

Compound of Formula (m): R'=0CH3, R'=H; B=E=H; A and D taken together is 
-CH2CH2CH2-; 

Compound of Formula (m): R'=0CH3, R^=H: B»E=H: A and D taken together is 
-CH2OCH2-; 

10 Compound of Formula (01): R'=0CH3, R^=H; B-E=H; A and D taken together is 

-CH2-NH-CH2-: 

Compound of Formula (EI); r'=0CH3. r'=H; B=E=H: A and D taken together is 

-CH2-N(Cb2)-CH2-; 

Compound of Formula (HI): R'=0CH3, R^=H; B-E=H; A and D taken together is 

15 -CH2-N(benzyl)-CH2-; 

Compound of Formula (01): R'=0CH3. R-=H; B=E=H: A and D taken together is 
-CH2-N(benzoyl)-CH2-: 

Compound of Formuhi (01): R'=0CH3, R-=H; B=E=H; A and D taken together is 
-CH2-N(phenyl-CH2-CH2-)-CH2-; 
20 Compound of Fomiula (EI): R'=0CH3, R'=H: B=E=H; A and D taken together is 

-CH2-N(4-CUphenyl-CH2-)-CH2-: 

Compound of Formula (01): R'=0CH3. R^=H: B-E=H; A and D taken together is 
-CH2-N(4-pyridyl-CH2-)-CH2-; 

Compound of Formula (DI): R'=0CH3. R*=H: B=E-H; A and D taken together is 
25 -CH2-N(2-pyridyl-CH2-)-CH2-: 

Compound of Formula (01): r'=0CH3. R^=H; B«E=H; A and D taken together is 
-CH2-N(3-pyridyl-CH2-)-CH2-; 

Compound of Formula (01): r'=0CH3, R'=H; B=E=H: A and D taken together is 
-CH2-N(4-quinolyl-CH2-)-CH2-; 

30 Compound of Formula (HI): R'=0CH3, R^=H: B=E=H; A=D=-CH2-0-CH2- 

phenyl; 

Compound of Formula (ID): r'=(X:H3, R =H: B=E=H: A=D=-CH2-0H; 
Compound of Formula aO): R'=0CH3. R'=H: B=E=H; A=D=-CH2-0-phenyl; 
Compound of Formula (01): R'=0CH3. R^=H; A=B=H; D and E taken togethei is 
35 -CH2-CH2-CH2-CH2-; 

Compound of Formula (HI): R'=0CH3. r'=H; A and B taken together is 
-CH2-CH2-CH2-CH2-; D=E=H; 



-8- 
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Compound of Formula (ffl): R'=0CH3, R^=H; A=B=H; D and E taken together is 
-CH2-O-CH2-; 

Compound of Formula (in): r'=0CH3. R^=H; A=D=E=H; B=-CH2-CH2-phenyl ; 
Compound of Formula (III): r'=0CH3. R^=H; A=I>=E=H; B=- 
5 CH2-CH2-CH2-phenyl ; 

Compound of Formula (III): R*=0CH3. R*=H; A=D=E=H; B=- 
CH2-0-CH2-phenyl ; 

Compound of Formula (01): R'=0CH3. R^=H; A=D=E=H; B=- 
CH2-CH2-(4-OCH3-phenyl ); 
10 Compound of Formula (ID): r'=0CH3, R^=H: A=-CH2-CH2-phenyl; B=D=E=H ; 

Compound of Formula (ID): R'=0CH3. R^=H; A»-CH2-CH2-CH2-phcnyl; 
B=D=E=H ; 

Compound of Fomiula (ffl): R'=0CH3, R^=H; A=-CH2-0-CH2-phcnyl ; 
B^D^EbH ; 

15 Compound of Formula (HI): R'=0CH3, R^=H; B=D=E=H; A=- 

CH2-CH2-(4-OCH3-phenyl); 

Compound of Formula (10): R'=0CH3. R^=H; A=B=D=H; E=-CH2-CH2-Ph: 
Compound of Formula an): r'-0CH3, R^»H: A=B=E=H: D^CH2-CH2-Ph; 
Compound of Formula (DI): R'=0CH3, R^=H: A=B=D=H; E=- 

20 CH2-CH2-CH2-Ph: 

Compound of Formula (IH); R'=0CH3, R^=H; A=B=E=H; D=- 
CH2-CH2-CH2-Ph; 

Compound of Formula an): R'=0CH3. R*=H; A=- CH2-CH2-OPh: B=D=E=H; 
Compound of Formula (UI): R'=0CH3. R^=H; A=- CH2-CH2-NHCbz: 
25 B=D=E=H; 

Compound of Formula an) RN0CH3, R2=H; A-CH2-CH2-NH2; B=D-E=H; 
Compound of Formula QU): R'=0CH3. r2=H; A=. CH2-C02Ben2yl: B-D=E=H: 
Compound of Formula (HI) R 1=0CH3» R2=H; A=-CH2-(X)0H; B=D=E=H; 
Compound of Formula (HI) RJ=0CH3. R2=H; A=-CH2-CH2-OH; B=D=E=H; 
30 Compound of Formula Oil): R'-0CH3, R^=H; A=- CH2-CH2-NH(4-PyTidyl-)- 

B=[>=E=H 

Compound of Formula (lU): r'=0CH3. R^=H: A=B=D=H; E=-CH2-0H; 
Compound of Fbimula (IH): r'=0CH3. R^=H; A=B=E=H: D=-CH2-OH; 
Compound of Formula OH): R'=0CH3. R^=H; A=B=E=H: D^CH2-NHBcnzoyl; 
J5 Compound of Formula an): r'=0CH3. R^=H: A-B=E=H; D=-CW2-NHBcnzyl; 

Compound of Formula OH): R'=0CH3, R^=H; A=B=D»H; E=.CH2-NHBen2oyl; 
Compound of Formula ail): R'=0ai3, R^=H: A=B=D=H: E^CH2-NHBenzyJ; 
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Compound of Formula (10): R^=0CH3, R^=H; B=D=H; A=E?=-CH20CH2(4-C1- 
phenyl): 

Compound of Fomiula (01): R =0CH3, R^=H: A=B=E»H; D=-CH2-N(CH3)- 

Benzyl; 

Compound of Formula (HI): R^=0CH3. R^=H; A=B=D=H; E=-CH2-N(CH3)- 

Benzyl; 

Compound of Formula (10): R*=0CH3, R^=H; A=B=D=H; E=-CH2-NH-phcnyl; 

and 

Compound of Formula (ID): R =0CH3, R =H; A=B=E^H; D=-CH2-NH-phenyl. 

A selected group of representative compounds includes: 

Compound of Fomnula (IV); Rl=methoxy: R^hydrogen; A=B=D=E=hydrogen; 

Compound of Formula (01). A=B=E=H, D=bcn2yl, R^^methoxy, R2=hydrogcn; 

Compound of Formula (01), A=B=D=H, E=bcnzyL R^=methoxy. R2«hydrogen: 

Compound of Formula (10); A=benzyl, B=D=E=H, Rl=:methoxy, R2=hydrogcn; 

Compound of Formula (10); B^benzyl, A=D=E=H, R^=methoxy, R^r^hydrogen; 

Compound of Formula (10); A=E^henyl, B=D=H, Rl=meihoxy, R2=hydrogen; 

Compound of Formula (01); A=methyK B=D=E=H, Rl=mcthoxy, R2=hydrogen; 

Compound of Formula (01); B=methyl, A^D=E=H, Rl=methoxy. R2=ihydrogcn; 

Compound of Formula (01): A=D=mcthyl; B-E=H, Rl«methoxy. R2=hydrogen; 

Compound of Formula (01); A=E=methyl; B=D=H, Rl=methoxy, R2=hydrogcn ; 

Compound of Formula (ID); B=D=H; A and E taken together is -CH2CH2CH2% 
Rl=mcthoxy, R2=hydrogen; 

Compound of Formula (01); B=E=H: A and D taken together is •CH2CH2CH2CH2-, 
Rl=methoxy, R^hydrogen ; and 

Compound of Formula (I); A=B=D=E=hydrogen; R*=hydrogen, R2=hydrogcn. 

One object of the present invention is to provide a process for the preparation of 
tricyclic macrolide doivatives having the Formulas: 
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wherein 

A, D and E are independently selected from the group consisting of: 

(a) hydrogen; 

(b) Ci-C6-alkyl, as defined below, optionally substituted with one or 
5 more substituents selected from the group consisting of: 

(i) aryl, as defined betow; 

(ii) substituted-aryl, as defined below; 

(iii) hcieroaryl, as defined below; 

(iv) substituted-heteroaryl, as defined below; 
0 (v) heterocycloalkyl, as defined below; 

(vi) hydroxy; 
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(vii) Ci-Ce-alkoxy, as defined below: 

(viii) halogen consisting of Br, CU F or I; and 

(ix) NR3r4, where and R"* are independently selected from 
hydrogen and Ci-C6-alkyl, or R^ and are taken with the nitrogen atom to which they are 

5 connected to form a 3- to 7-membered ring optionally containing a hetero function consisting 
of ^O-. -NH-, -N(Ci-C6-alkyl-K -N(aryl-Ci-C6-alkyl-)-, -N(substituted-aryl-Ci-C6-alkyl-)% 
-N{heieroaryl-Ci-C6-aUq^I-)% -N(substitutcd-hcteroaryl-Ci-C6-alkyl-)-, -S- or -S(0)n-, 
wherein n is 1 or 2: 

(c) C3-C7-cycloalkyl; 

10 (d) aiyl; 

(e) subsdtuted-aryl; 

(f) heteroaryl; 

<g) substituted-heteioaiyl; 

(h) heterocycloalkyl; 
IS and 

(i) a group selected from option (b) above further substituted with -M- 
R5, wherein M is selected from the group consisting of: 

(aa) -C(0)-NH-; 
(bb) -NH-C(O)-; 
20 (cc) -NH- 

(dd) -N(CH3)- 
(ce) -O- 

(rr) *S(0)n-« wherein n is 0, 1 or 2; and 
(gg) -C(=NH)-NH-: 
25 and R^ is selected from the group consisting of: 

(aaa) Ci-C6-alkyl, optionally substituted with a substituent selected from 
the group consisting of: 





(i) 


aryl; 




(ii) 


subsdtuted-aryl; 


30 


Ciii) 


heteroaryl; and 




(iv) 


substitatcd-heteioaryl; 




(bbb) 


aiyl; 




(ccc) 


substituted-aryl; 




(ddd) 


heteroaryl; 


35 


(eee) 


substituted-heteroaryl; and 




(fff) 


heterocycloaUg'l; 



or 
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any one pair of subsdtuents. consisting of AB, AD, AE, BD, BE or DE, is 
taken together with the atom or atoms to which they are attached to fonii a 3- to 7-membeied 
ring optionally contaitung a hetero function consisting of 

-0-. 

5 -NH-. 

-N(Ci-C6-alkyl-)-. 
-N(aryl-Ci-Qi-alkyl-)-, 

-N(substituted-aryl-Ci-Ci-alkyl-)-, 
-N(heteroaryi-Ci-C6-aikyI-)-, 
10 -N(substimted-heteroaryl-Ci-Cfe-alkyl-)-, 
-S- or ♦S(0)n-, wherein n is 1 or 2; 
-C(0)-NH-; 

-aO)-NR5., wherein R5 is as described above; 
-NH-C(O)-; 

'5 -NR5.c(0)-, wherein r5 is as described above; and 

-C(=NH)-NH-; 

is selected from the group consisting of: 

(a) hydrogen; 

(b) hydroxy; 

20 (c) -0-Ci-C3-alkyi; 

(d) -0-C3-C5-cycloalkyl; 

(e) -O-Cj-Cs-alkyl-Cs-Cs-cycloalkyl; 

(f) -aC(0)-C]-C3.alkyl; 

(g) -0-C(0)-0-Ci-C3-alkyI; and 
25 (h) -0-C(0)-NH-Ci-C3-aIkyl; 

R2 is hydrogen or a hydroxy-protccting group, as defined below; and 
2 is hydroxy or protected-hydroxy; 

except when the confound is of Formulas (I) or (ID) then A, B, D, 
and E may not aU be hydrogen, D and E may not be Ci-Ca-alkyI when A and B are 
hydrogen, nor may one of D and E be hydrogen and the other be Ci-Cs-alkyl when A and B 
are hydrogen; 

the method comprising: 

(a) treating a compound having the formula 
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, (compound (9) from Scheme 4), 

respectively, 

wherein Rl is as described above and R2 is a hydroxy-protccting group, 
with a base, such as sodium hydride, lithium hydride, potassium carbonate, for example, 
and followed by reaction with carbonyldiimidazole, in an aprotic solvent, as defined below, 
which does not adversely affect the reaction, preferably dichloromethanc, chloroform, DMF, 
5 tetrahydrofuran (THF), N-mcthyl pyirolidinone or a mixture thereof, with cooling or 
heating, depending on the conditions used, at a reaction temperature from -20**C to 70**C 
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preferably from O'^C to reaction temperature, for a period from 0.5 hours to 10 days, 
in^eferably 1-5 days, to prepare first intemiediate compounds having the formulas: 



CH, 




, (compound (3) from Scheme 1), 




, (compound (6) from Scheme 2), 




, (compound (8) from Scheme 3), or 




^(compound (10) from Scheme 4), 
respectively; wherein R > and r2 are as described above; 
5 (b) reacting said first intermediate compounds (3), (6), (8), or ( 10) with a 

compound having the formula: 

Q 
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wherein A» B, D, and E are as described above, preferably in a solvent such as aqueous 
acetonitrile, DMF or aqueous DMF, to give the bicyclic second intermediate compounds 
having the formulas; 




(compound (11), from Scheme 5), 




(compound (15). from Scheme 7), 




(compound (19) from Scheme 9), 




(compound (23), from Scheme 11), respectively; 
5 wherein R ' and are as described above; 

(c) deprotecting said second intermediate compounds ( 1 1), ( 1 5), ( 1 9) or (23) by 
treatment with methanol or ethanol whoi OR^ is an ester or with fluoride in THF or 
acetonitrile when R2 is a trialkylsilyl group, for from I to 24 hours, to give the third 
intermediate compounds 
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Hid^ OCHj 



(compound (12), from Scheme 5), 




(compound (16), from Scheme 7), 




(compound (20) from Scheme 9), 




(compound (24) from Scheme 1 1), respecdvely; and 
(d) cyclizing said third intemiediate compounds (1 2), ( 16), (20) or (24) by 
ireamieni with dilute acid, such as acetic acid or HQ, for example, in an organic solvent, 
preferably ethanol or propanol, for a period of from 4 hours to 10 days to give the desired 
compounds (I), (II), (IE) or (IV) above. 

Another object of the present invention is to provide an alternate process for the 
preparation of tricyclic macrolide derivatives having the Formulas: 
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wherein 

A, D and E are indcpcndendy selected from the group consisting of: 
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(a) hydrogen: 

(b) Ci-C6-alkyl» as defined below, optionally subsututed with one or 
more substituents selected from the group consisdng of: 

(i) aryl, as defined below; 

(ii) substituted-aryi, as defined below; 

(iii) heteroaryl as defined below; 

(iv) substituted-heteroaiyl, as defined below; 

(v) heterocycloalkyl, as defined below; 

(vi) hydroxy; 

(vii) Ci -C6-alkoxy, as defined below; 

(viii) halogen consisting of Br, CI, F or 1; and 

(ix) NR3r4 ^here and R"^ are independently selected from 
hydrogen and Ci-C6-alkyl, or R3 and R^ are taken with the nitrogen atom to which they are 
connected to form a 3- to 7-membered ring optionally containing a hetcro function consisting 
of -0-, -NH% -N{C|-C6-alkyl-)-, -NCaryl-Ci-Q-alkyl-)-. •N(substimted-aiyl-Ci-C6-alkyl- 

-N(hetcroaryl-C|-C6-alkyl-)% -N(substiiuied-hetcroaiyl-C|-C6-alkyl-)-, -S- or -S(0)n% 
wherein n is I or 2; 



and 



(c) 


C3-C7-cycloalkyl; 


(d) 


aryl; 


(e) 


substituted-aryl: 


(f) 


heteroaiyl; 


(g) 


subsdtuted-heteroaryl: 


(h) 


heterocycloalkyl; 


(i) 


a group selected from option (b) above funher substituted with -M- 



R5. whoein M is selected from the group consisting of: 
(aa) -C(0)-NH-: 
(bb) -NH-C(0)-; 
(cc) -NH- 
(dd) -N(CH3)- 
(ec) -O- 

(rr) -S(0)n-. wherein n is 0. 1 or 2; and 

(gg) -C(«NH).NH-; 

and is selected from the group consisting of: 

(aaa) Ci-Q-alkyl, optionally substituted with a substituent selected 
from tiie group consisting of: 

(i) aiyl; 

(ii) siri)stituted-aryl; 
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(iii) hctcroaryl; and 

(iv) subsdtuted'heteroaryl; 
(bbb) aryl; 

(ccc) substituied-aryl: 

(ddd) hetcroaryl; 

(eee) substituted-heteroaiyl; and 

(ffO hetcrocycloalkyl; 

or 

any one pair of substituents, consisting of AB, AD, AE, BD, BE or DE, is taken 
10 together with the atom or atoms to which they are attached to form a 3- to 7-mcmbered ring 
optionally containing a hetero function consisting of: 

-N(CrC6-alkyl-)-, 
15 -N(aryl-Ci-C6^alkyl-K 

-N(substitutcd-aryl-C i -Q-alkyi^-, 
-N(heteroaryl.Ci-C6-alkyl-)-, 

-N(substinited-heteroaryl-C|-C6-alkylO% 
-S- or -S(0)n-» wherein n is 1 or 2; 
20 -C(0)-NH-: 

-C(0>NR5-, wherein R5 is as described above; 
-NH-C(O)-; 

-NR5.c(0)-, wherein R5 is as described above; and 
-C(=NH)-NHs 
25 Rl is selected from the group consisting of: 

(a) hydrogen; 

(b) hydroxy; 

(c) -aCi-C3-alkyl; 

(d) -aC3-C5-cycloalkyl; 

30 (e) -0'Ci'C3-alkyl-C3-C5-cycloakyl; 

(f) •(>C(0)-Ci-C3-alkyl; 

(g) ^0^C(0)-0-Ci-C3'alkyl; and 

(h) -O.C(0)-NH-Ci-C3-alkyl; 

R2 is hydrogen or a hydroxy-protecting group, as defined below; and 
35 Z is hydroxy or protected-hydroxy; 

except when the compound is of Formulas (I) or (III) then A, B, D, and E may not all be 
hydrogen, D and E may not be Ci-C3-alkyl when A and B are hydrogen, nor may one of D 
and E be hydrogen and the other be Ci-C3-alkyl when A and B are hydrogen; 
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the method comprising; 



(a) 



treating a compound having the formula: 

9^ UM9^ 



CH) 




, (compound (2) from Scheme 1), 




, (compound (6) from Scheme 2), 




, (compound (7) from Scheme 3), or 




, (compound (9) from Scheme 4), 
respectively, 

wherein RMs as described above and R2 is a hydroxy-^protecting group, 
with a base, such as sodium hydride, lithium hydride, potassium carbonate, for example, 
5 and followed by reaction with carbonyldiimidazole, in an aprotic solvent, as defined above, 
which does not adversely affect the reaction, preferably dichloromethane, chlorofomi. DMF. 
tetrahydrofuran (THF), N-mcthyl pyrrolidinone or a mixture thereof, with cooling or 
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heating, depending on the conditions used, at a reaction tcin)crature from -20°C to 70^. 
preferably from O^C to reaction temperature, for a period from 0.5 to 24 hours, preferably 1- 
8 hours, to prepare first intermediaie compounds having the formulas: 




CH> 



, (compound (3) from Scheme I), 




. (compound (6) from Scheme 2) 




CHs 



(compound (8) from Scheme 3), or 




, (compound (10) from Scheme 4), 
respectively: wherein Rl and r2 are as described above; 

(b) reacting said first intermediate compounds (3), (6), (8), or ( 10) with a 
compound having the formula: 



-22- 



wo 97/17356 



PCTAJSW16585 



wherein A, B, and E are as described above, preferably in a solvent such as aqueous 
acetonitrile, DMF or aqueous DMF, to give the bicyclic second intermediate compounds: 




, (compound (14), from Scheme 6. Y=OH), 



OH 




, (compound (18). from Scheme 8. Y=OH), 




, (compound (22) from Scheme 10, Y=OH), or 



CH» 




, (compound (26), from Scheme 12, Y=OH), 
respectively; 

(c) reacting the hydroxy group of the said bicyclic second intermediate 
compounds (14), (18), (22) and (26) by treatment triphcnyiphosphine and diphcnyl- 
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phosphoryl azide-DEAD in letrahydrofuran, under Mitsunobu reaction conditions, lo prepare 
the third intermediate compounds: 



CHa 




, (compound (14), from Scheme 6, Y=N3), 



CHi 





, (compound (18), from Scheme 8, Y=N3), 



, (compound (22) from Scheme 10, Y*N3), or 



, (compound (26). from Scheme 12, Y*N3), 
respectively; 

(d) reducing the third intermediate compounds having an azido group, with 
suitable reducing reagents such as triphcnylphosphine-water, hydrogen with a catalyst, 
sodium borohydridc. or dialkylaluminum hydride, to prepare the fourth intermediate 
compounds having the formulas: 
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. (compound (12), from Scheme 6), 




, (compound (24), from Scheme 12), 
respectively; and 

(e) cyciizing said founh intemnediaic compounds (12), (16), (20) or (24), 
wherein Y is an amino group, by treatmoit with dilute acid, such as acetic acid or HCl for 
example, in an organic solvent, preferably cthanol or propanol, for a period of from 4 hours 
5 to 10 days to give the desired compounds of Formulas (I), (II), (HI) or (IV). 

In an alternate embodiment of the alternate process above, the third intermediate 
compounds may be prepared by a two-step sequence (replacing step (c) thereof) which 
comprises (I) reacting the hydroxy group of the bicyclic second intmncdiate compounds 
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with an aUcyl or aryl sutfonyl chloride, an alkyl or aiyl sulfonic anhydride or 
trifluoromethanesulfonic anhydride in an aprotic solvent at -78"^ lo reaction temperature to 
give the corresponding sulfonate, and (2) reacting the said sulfonate with Uthium aade or 
^ sodium azide in an aprotic solvent at (fC to IOO"C to give the third intermediate compound. 

Definitions 

The terms "Ci-C3-alkyl" or ' Ci-Cs-alkyl" as used herein refer to sanirated. straight- 
or branched-chain hydrocarbon radicals containing between one and three or one and six 
carbon atoms, respectively. Examples of C1-C3 alkyl radicals include methyl, ethyl, propyl 

10 and isopropyl. and examples of Ci-Cg-alkyl radicals include, but are not limited to, methyl, 
ethyl, propyl, isopropyl. /i-butyl. rm-butyl, neopentyl and n-hexyl. 

The term "Ci-Cs-alkoxy" as used herein refers to an Ci-Ce-alkyl group, as 
previously defined, attached to the parent molecular moiety through an oxygen atom. 
Examples of Ci-C6-aIkoxy. but are not limited to, methoxy, ethoxy, propoxy, isopropoxy. 

15 /i-butoxy, terr-butoxy. neopentoxy and n-hexoxy. 

The term "Ci-Ca-alkyl-amino" as used herein ref«s to one or two Ci-Cs-alkyl 
groups, as previously defined, attached to the parent molecular moiety through a nitrogen 
atom. Examples of Ci-C3-alkyI-amino include, but arc not limited to methylamino, 
dimethylamino, ethylamino, diethylamino. and propylamine. 

20 The temi "aprotic solvent" as used herein refers to a solvent that is relatively inert to 

proton activity, i.e., not acting as a proton-donor. Examples include, but are not limited to. 
hydrocarbons, such as hexane and toluene, for example, halogenated hydrocarbons, such 
as, for example, methylene chloride, ediylene chloride, chloroform, and the like, 
heterocyclic compounds, such as, for example, tetiahydrofuran and N-methylpyrrolidinone, 

25 and ethers such as diethyl ether, bis-methoxymethyl ether. Such compounds are well known 
to those skilled in the art, and it will be obvious to those skilled in the art that individual 
solvents or mixtures thereof may be preferred for specific compounds and reaction 
conditions, depwiding upon such factors as the solubiliQf of reagents, reactivity of reagents 
and preferred temperature ranges, for example. Further discussions of aprotic solvents may 

30 be found in organic chemistry textbooks or in specialized monographs, for example: 

Organic Solvents Physical Pronertie^t anH MfthoHs of Pnrifi,; ^tin n 4th ed., edited by John 
A. Riddick et aU Vol. II, in the Techniques of Chemistry Scries. John Wiley & Sons, NY 
1986. 

The tern "aryl" as used herein refers to unsubstiwted carbocyclic aromatic groups 
35 including, but not linruted to. phenyl, 1- or 2-naphthyl and the like. 

The term "Cs-Cs-cycloalkyl- and C3-C7-cycloalkyl" as used h«ein refers to 
cartrocyclic groups of 3 to 5 or 3 to 7 carbons, respectively, for example, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl. 
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The term "Ci-Cs-alkyl-Cs-Cs-cycioalkyl", as used herein refers to a C3-C5- 
cycloaUcyl radical, as defined above, attached to a Ci-C3-alkyl radical by replacement of a 
hydrogen atom on the latter. 

The terms "halo" and "halogen" as used herein refer to an atom selected from 
5 fluorine, chlorine* bromine and iodine. 

TTie temi "hctwoaiyl", as used herein, refers to a cyclic aromadc radical having from 
five to ten ring atoms of which one ring atom is selected from S, O and N; zero, one or two 
ring atoms arc addidonal hetcroatoms independendy selected from S, O and N; and the 
remaining ring atoms are carbon, die radical being joined to the rest of the molecule via any 
10 of the ling atoms, such as, for example, pyridinyl, pyrazinyl, pyrimidinyl, pyiTolyl, 

pyrazolyL imidazolyl, thiazolyl, oxazolyl, isooxazolyl, thiadiazolyl, oxadiaiolyK thiophenyl. 
furanyl, quinolinyl, isoquinolinyl, and the like. 

The term ""heterocycloalkyr as used herein, refers to a non-aromatic 5-, 6- or 7- 
membered ring or a bi- or tii-cyclic group comprising fused six-membered rings having 
1 5 between one and three heteroatoms independently selected from oxygen, sulfur and nitrogen, 
wherein (i) each 5-membcred ring has 0 to 1 double bonds and each 6-mcmbcred ring has 0 
to 2 double bonds, (ii) the nitrogen and sulfur heteroatoms may optionally be oxidized, (iii) 
the nitrogen heteroatom may optionally be quatemized, and (iv) any of rite above heterocyclic 
lings may be fused to a benzene ring. Representative heterocycles include, but are not limited 
20 to, pyrrolidinyl, pyrazolinyl, pyraiolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, 

piperazinyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, isoriiiazolidinyl, and 
tetrahydrofuryl. 

"Hydroxy-protecting group", as used herein, refers to an easily removable group to 
which are known in the an to protect a hydroxy] group against undesirable reaction during 

25 synthetic procedures and to be selectively removable. The use of hydroxy-protecting groups 
is well known in the art for protecting groiqps against undesirable reactions during a synriietic 
procedure and many such protecting groups are known, cf, for example, T.H. Greene and 
P. G. M. Wuts, Protective Groups in Organ ic Synthesis. 2nd edition. John Wiley & Sons, 
New York (1991). Examples of hydroxy-protecting groups include, but are not limited to, 

30 methyithiomctiiyl, /^rr-dimetiiylsilyl, /m-butyldiphenylsilyl, acyl substituted with an 
aromatic group and the like. 

A the term "protectcd-hydroxy * refers to a hydroxy group protected witii a hydroxy 
protecting group, as defined above, including benzoyl, acetyl, trimethylsUyl, triethylsilyl, 
methoxymethyl groups, for example. 

35 The tcnn 'Erotogenic organic solvent" as used herein refers to a solvent riiat tends to 

provide protons, such as an alcohol, for example, meriianol, ethanol, propanol, isopropanol, 
butanol, t-butanol, and the like. Such solvents are well known to tiiose skilled in the an, and 
it wiU be obvious to riiose skiUed in the an that individual solvents or mixtures thereof may 
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be prefened for specific compounds and reaction conditions, depending upon such factors as 
the solubiUty of reagents, reactivity of reagents and preferred temperamre ranges, for 
example. Further discussions of protogenic solvents may be found in organic chemistry 
textbooks or in specialized monogiaphs. for example: Organic Solvenr. Ph^«Vp| p,^^,^ 
5 ancj Methods 9fPlirifirf|tiqn. 4th cd.. edited by John A. Riddick et aL Vol. D. in the 
Techniques of Chemistry Series, John Wiley & Sons. NY, 1 986. 

The teim "substituted aiyl" as used herein refers to an aiyl group as defined herein 
substituted by independent replacement of one. two or three of the hydnigen atoms thereon 
with CI. Br, F, I. OH. C,.C3-alkyl. Ci-Q-alkoxy. methoxymethoxy. amino, or C.-Cj- 
10 alkyl-amino. 

The teirn "substituted heteroaiyl" as used herein refers lo a heteroaryl group as 
defined herein substituted by independent replacement of one. two or three of the hydrogen 
atoms thereon with CI. Br. F, I, OH, Ci-Ca-alkyl. C.-Q-alkoxy. meri,oxymethoxy. amino, 
or C|-C3-alkyl-ar7iino. 



IS 



20 



The term "substituted heterocycloalkyl" as used herein, refers to a heterocycloalkyi 
group, as defined above, substituted by independent replacement of one. two or three of the 
hydrogen atoms thereon with CI. Br. F. 1. OH, Cj-Ca-alkyl. Ci-Ce-alkoxy. 
methoxymethoxy, amino, or Ci -C^-alkyl-amino. 

Numerous asymmetric centers may exist in the compounds of the present invention. 
Except where otherwise noted, the present invention contemplates the various stereoisomers 
and mixtures thereof. Accordingly, whenever a bond is represented by a wavy line, it is 
intended that a mixture of stereo^rientatioos or an individual isomer of assigned or 
unassigned orientation may be present. 

As used herein, the term "pharmaceuticaUy acceptable salt" refers to those salts which 
are, within the scope of sound medical judgmenu suitable for use in contact with the tissues 
of humans and lower animals without undue toxicity, iiritation. aUcrgic response and the 
like, and are commensurate with a reasonable benefit/risk ratio. PharmaceuticaUy acceptable 
salts are weU known in the art For example. S. M. Bergc. et ai describe pharmaceuticaUy 
acceptable salts in detail in IfibmnasSHliJalSeiaiEES. 66: M9 (1977). incorporated herein 
by reference. TTie salts can be prepared in situ during the final isolation and purification of 
the compounds of the invention, or separately by reacting the free base function with a 
suitable organic acid. Examples of pharmaceuticaUy acceptable, nontoxic acid addition salts 
are salts of an amino group formed with inorganic acids such as hydrochloric acid, 
hydrobromic acid, phosphoric acid, sulfuric acid and perchloric acid or with organic acids 
35 such as acetic acid, oxaUc acid, maleic acid, tartaric acid, citric acid, succinic add or malonic 
acid or by using other methods used in the art such as ion exchange. Other pbarmaceuucaUy 
acceptable salts include adipate, alginate, ascorbate, aspartate, benzenesulfonate. benzoate. 
bisulfate. borate, butyrate. camphoraie, camphorsulfonate. citrate, cyclopentanepropionate. 
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digluconate, dodecylsulfate. ethanesulfonate, foxmate, fuirarate, glucoheptonace, 
glycerophosphate, gluconate, hcmisulfate, hepianoate. hexanoate, hydroiodide, 2-hydroxy- 
ethanesulfonate, lactobionatc, lactate, laurate, lauryl sulfate, malate, maleate, maionate, 
methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleaie, oxalate, palmitate, 
5 pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, 
stearate, succinate, sulfate, taitrate, thiocyanate, ;7-toIiienesuifonate, undecanoate, valerate 
salts, and the like. Representative alkali or alkaline earth n^tal salts include sodium, lithium, 
potassium, calcium, magnesium, and the like. Further phamnaceutically acceptable salts 
include, when appropriate, nontoxic ammonium, quaternary ammonium, and amine cations 

10 formed using counterions such as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, 
loweralkyl sulfonate and aiyl sulfonate. 

As used herein, the term "pharmaceuticaUy acceptable ester" refers to esters which 
hydrolyze in vivo and include those that break down readily in the human body to leave the 
parent compound or a salt thereof. Suitable ester groups include, for example, those derived 

15 from phamiaceutically acceptable aliphadc carboxylic acids, particularly alkanoic, alkenoic, 
cycloalkanoic and alkanedioic acids, in which each all^l or alkenyl moiety advantageously 
has not more than 6 carbon atoms. Examples of particular esters includes formates, acetates, 
propionates, butyates, acrylates and ethylsuccinates. 

The pharmaceudcal compositions of the present invention comprise a therapeutically 

20 effective amount of a compound of the present invention fomiulated together with one or 
more pharmaceudcally acceptable carriers. As used herein, the term "pharmaceutically 
acceptable carrier" means a non-toxic, inert solid, semi-solid or liquid filler, diluent, 
encapsulating material or fomiulation auxiliary of any type. Some examples of materials 
which can serve as pharmaceutically acceptable carriers are sugars such as lactose, glucose 

25 and sucrose; starches such as com starch and potato starch; cellulose and its derivauves such 
as sodium carboxymeihyl cellulose, ethyl cellulose and cellulose acetate: powdered 
tragacanth; malt; gelatin; talc; excipients such as cocoa butter and suppository waxes; oils 
such as peanut oil, cottonseed oil; safflowcr oil; sesame oil; olive oil; com oil and soybean 
oil; glycols; such a propylene glycol; esters such as ethyl oleate and ethyl lauratc; agar; 

30 buffering agents such as magnesium hydroxide and aluminum hydroxide; alginic acid; 
pyrogen-free water; isotonic saline; Ringer's solution; ethyl alcohol, and phosphate buffer 
solutions^ as well as other non- toxic compatible lubricants such as sodium lauryl sulfate and 
magnesium stearate, as well as coloring agents, releasing agents, coating agents, 
sweetening, flavoring and p^fuming agents, {H^eservatives and antioxidants can also be 

35 present in die composition, according to the judgment of the fomriulator. The phaimaceutical 
compositions of this invention can be administmd to humans and other animals orally, 
rectally, parenterally, intiacistemally, intravaginally, intraperitoncally. topically (as by 
powders, ointments* or drops), bucally, or as an oral ot nasal spray. 
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Liquid dosage farms for oral administration include pharmaccuticaily acceptable 
emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the 
acdve compounds, the liquid dosage forms may contain inert diluents commonly used in the 
an such as, for example, water or other solvents, soiubilizing agents and emulsifiers such as 
5 ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl 
bcnzoate, propylene glycol, 1,3-butylene glycol, dimediylformamide* oils (in panicular, 
cottonseed, groundnut, com, gemi, olive, castor, and sesame oils), glycerol, 
tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and 
mixtures thereof. Besides inert diluents, the oral compositions can also include adjuvants 
10 such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and 
perfuming agents. 

Injectable preparations, for example, sterile injectable aqueous or oleaginous 
suspensions may be formulated according to the known art using suitable dispersing or 
wetting agents and suspending agents. The sterile injectable preparation may also be a sterile 

1 5 injectable solution, suspension or emulsion in a nontoxic parenterally acceptable diluent or 
solvent, for example, as a solution in 1 ,3-butanedioh Among the acceptable vehicles and 
solvents that may be employed are water, Ringer's solution, U.S.P. and isotonic sodium 
chloride solution. In addition, sterile, fixed oils arc conventionally employed as a solvent or 
suspending medium. For this purpose any bland fixed oil can be employed including 

20 synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid arc used in the 
preparation of injectables. 

The injectable formulations can be sterilized, for example, by filtration through a 
bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile solid 
compositions which can be dissolved or dispersed in sto-ile water or other sterile injectable 

25 medium prior to use. 

In order to prolong the effect of a drug, it is often desirable to slow the absorption of 
the drug from subcutaneous or intramuscular injection. This may be accomplished by the 
use of a liquid suspension of crystalline or amorphous material widi poor water solubility. 
The rate of absorption of the drug then depends upon its rate of dissolution which, in turn, 

30 may depend upon crystal size and crystalline form. Alternatively, delayed absorption of a 
parenterally admini stored dmg form is accomplished by dissolving or suspending the drug in 
an oil vehicle. Injectable depot forms are made by forming microencapsule matrices of the 
drug Ln biodegradable polymers such as polylactide-polyglycolide. Depending upon the ratio 
of drug to polymer and the nature of the particular polymer employed, the rate of dmg 

35 release can be controlled. Examples of other biodegradable polymers include 

poly(orthoesters) and poly(anhydrides). Depot injectable formulations arc also prepared by 
entrapping the drug in liposomes or microemulsions which are compatible with body tissues. 
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Compositions for rectal or vaginal administration arc preferably suppositories vAdch 
can be prepared by mixing the compounds of this invention with suitable non-irritating 
excipicnts or carriers such as cocoa butter, polyethylene glycol or a suppository wax which 
arc solid at ambient temperature but liquid at body temperature and therefore melt in the 
5 rectum or vaginal cavity and release the active compound. 

Solid dosage forms for oral administration include capsules, tablets, pills, powders, 
and granules. In such solid dosage forms, the active compound is mixed with at least one 
inert, pharmaceutically acceptable excipiem or carrier such as sodium citrate or dicalcium 
phosphate and/or a) fillers or extenders such as starches, lactose, sucrose, glucose, mannitol, 
10 and silicic acid, b) binders such as, for example, carboxymethylceUulose, alginates, gelatin, 
polyvinylpyrrolidinone, sucrose^ and acacia, c) humectants such as glycerol, d) 
disintegrating agents such as agar-agar, calcium carbonate, potato or tapioca starch, alginic 
acid, certain silicates, and sodium carbonate, c) solution retarding agents such as paraffin, f) 
absorption accelerators such as quaternary ammonium compounds, g) wetting agents such 
15 as, for example, cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and 
bentonite clay, and i) lubricants such as talc, calcium stearate, magnesium stcarate, solid 
polyethylene glycols, sodium lauryl sulfate, and mixtures thereof. In the case of capsules, 
tablets and pills, the dosage form may also comprise buffering agents. 

Solid compositions of a similar type may also be employed as fillers in soft and hard- 
20 filled gelatin capsules using such excipicnts as lactose or milk sugar as well as high 
molecular weight polyethylene glycols and the like. 

The solid dosage forms of tablets, dragees, capsules, pills, and granules can be 
prepared with coatings and sheUs such as enteric coatings and other coatings well known in 
the pharmaceutical formulating art. They may optionally contain opacifying agents and can 
25 also be of a composition that diey release the active ingredient(s) only, or preferentially, in a 
certain pan of the intestinal tract, q>tionally, in a delayed manner. Examples of embedding 
compositions which can be used include polymeric substances and waxes. 

Solid compositions of a similar type may also be employed as fillers in soft and hard- 
ftiled gelatin capsules using such excipicnts as lactose or milk sugar as well as high 
30 molecular weight polcdiylenc glycols and the like. 

The active compounds can also be in micro-encapsulated form with one or more 
excipicnts as noted above. The solid dosage forms of tablets, dragees, capsules, pills, and 
granules can be prepared with coatings and shells such as enteric coatings, release 
controlling coatings and other coatings well known in the phannaceutical formulating art In 
35 such solid dosage forms the active compound may be admixed with at least one inert diluent 
such as sucrose, lactose or starch. Such dosage forms may also comprise, as is normal 
practice, additional substances oUier than inert diluents, e,g.. tableting lubricants and other 
tableting aids such a magnesium stearate and microcrystalline cellulose. In the case of 
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capsules, tablets and pills, the dosage forms may also comprise buffering agents. They may 
optionally contain opacifying agents and can also be of a composition that they release the 
active ingredicnt(s) only, or preferentially, in a certain part of the intestinal tract, optionally, 
in a delayed manner. Examples of embedding compositions which can be used include 
5 polymeric substances and waxes. 

Dosage forms for topical or transdermal administration of a compound of this 
invention include ointments, pastes, creams, lotions, gels, powders, solutions, sprays, 
inhalants or patches. The active component is admixed under sterile conditions with a 
phamiaceutically acceptable carrier and any needed preservatives or buffers as may be 
10 required. Ophthalmic formulation, ear drops, eye ointments, powders and solutions are also 
contemplated as being within the scope of this invention. 

The oimn^nts, pastes, creams and gels may contain, in addition to an active 
compound of this invention, excipients such as animal and vegetable fats, oils, waxes, 
paraffins, starch, tragacanth, ceUulose derivatives, polyetiiylene glycols, silicones, 
15 bentonites, silicic acid, talc and zinc oxide, or mixtures thereof. 

Powders and sprays can contain, in addition to the compounds of this invention, 
excipients such as lactose, talc, silicic add, aluminum hydroxide, calcium silicates and 
polyamide powder, or mixtures of these substances. Sprays can additionally contain 
customary propellants such as chlorofluorohydrocarbons. 
20 Transdermal patches have the added advantage of providing controlled delivery of a 

compound to the body. Such dosage forms can be made by dissolving or dispensing the 
compound in the proper medium. Absorption enhancers can also be used to increase the flux 
of the compound across the skin. The rate can be controlled by either providing a rate 
controlling membrane or by dispersing the compound in a polymer matrix or gel. 
25 According to the methods of treatment of the present invention, bacterial infections 

are treated or prevented in a patient such as a human or lower mammal by administering to 
the patient a tiierapeutically effective amount of a compound of the invention, in such 
amounts and for such time as is necessary to achieve the desired result By a "therapeutically 
effective amount" of a compound of the invention is meant a sufficient amount of the 
30 compound to treat bacterial infections, at a reasonable benefitAisk ratio ^plicable to any 
medical treatment It will be understood, however, that the toul daily usage of the 
compounds and compositions of the present invention will be decided by the attending 
physician within the scope of sound medical judgment TTie specific therapeutically effective 
dose level for any particular patient will depend upon a variety of factors including the 
35 disorder being treated and the severity of the disorder; the activity of the specific compound 
employed; the specific composition employed; the age. body weight, general health, sex and 
diet of the patient; the time of administration, route of administration, and rate of excretion of 
the specific compound employed: die duration of the treatment; drugs used in combination or 



•32- 



wo 97/17356 



PCT/US96/1658S 



coincidental with the specific compound employed: and like factors well known in the 
medical aits. 

The total daily dose of the compounds of this invention administered to a human or 
other mammal in single or in divided doses can be in amounts, for example, from 0.01 to 50 
5 mg/kg body weight or more usually from 0.1 to 25 mg/kg body weight Single dose 
compositions may contain such amounts or submultiples thereof to make up the daily dose. 
In general, treatment regimens according to the present invention comprise administration to 
a patient in need of such treatment from about 10 mg to about 1000 mg of tiie compound(s) 
of this invention per day in single or multiple doses. 

10 

AbbreviaBQns 

Abbreviations which have been used in the descriptions of the scheme and the 
examples that follow are: ABN for azobisisobutyronitrile; Bu3SnH for tributyltin hydride; 
GDI for carbonyldiimidazole; DBU for l,8-diazabicyclo[5.40]undec-7-cne; DEAD for 
15 diethylazodicarboxylaie; DMF for dimethyl fomnamide: DPPA for diphenylphosphoryl azide: 
EtOAc for ethyl acetate; MeOH for methanol; NaN(TMS)2 for sodium 
bis(trimethyIsUyl)amide; NMMO for N-methylmorpholinc N-oxide; TEA for trieUiylamine; 
THF for tetrahydrofuran; TPP for triphenylpho^hine. 

20 Synthetic Methods 

The compounds and processes of the present invention will be better understood in 
connection with the foUowing synthetic schemes which illustrate the methods by which the 
compounds of the invention may be prepared. The groups A. B, D, E, Rl and arc as 
defined above unless otherwise noted below. 
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Scheme 1 

Preparation of Starting Materials. 12-imidazolyIcarbonyloxy 
macmliHft f^^ r^Qund<i of F'^'-n^Vlit ft) 





(3) 

R' is as described for formula I 
is a hydroxy-protecting group 

Schenw 1 iUustratcs a general procedure for preparing the starting material, 
imidazolylcarbonyloxy macroJide (3). for compounds of Formula (I). The 2'- and 4"- 
hydroxyl groups of compound (1 ) are protected by reacting (1) with suitable hydroxy group 
protecting reagents (cf . T. W. Greene and P. G. M. Wuts. Prnt^riv. nrn„p, ^ riinif 
SjOlIllfiSiS, 2nd ed.. John Wiley & Son, Inc., 1991) such as acetic anhydride, benzoic 
anhydride, benzyl chlorofonnate or a trialkylsilyl chloride in an aprotic solvent, as defined 
above, which docs not adversely affect the reaction, preferably dichloromethane. 
chloroform, DMF. tetrahydrofuran (THF). N-methyl pynolidinone or a mixture thereof. 
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The protected macrolide (2) is reacted under anhydrous conditions with base such as sodium 
hydride, lithium hydride, potassium carbonate and followed by carbonyldiimidazole to form 
compound (3) in an aprolic solvent, as defined above, which does not adversely affect the 
reaction, preferably dichloromethane, chloroform, DMF, letrahydrofuran (THF), N-methyl 
5 pynolidinone or a mixture thereof. The reaction may require cooling or heating, depending 
on the conditions used. The reaction temperature may be from -20'*C to 70*'C, and preferably 
from 0**C to reaction temperature. The reaction may require 0.5 hours to 10 days, and 
preferably 1-5 days, to complete. 



Scheme 2 

Preparation of Starting Materials, 12-imida2olylcarbonyIoxy 
macrolide for Cnmpounds of Formula (11) 





Scheme 2 illustrates a general procedure for preparing the starting materials. 1 2- 
10 imidazolylcarbonyloxy macrolide (6), for die preparations of compounds of formula (11). 
The cladinose moiety of macrolidcs of formula ( 1) is removed cither by mild aqueous acid 
hydrolysis of by enzymatic hydrolysis. In accordance with Scheme 2, a suspension of (1) in 
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a solution of protogcnic organic solvent (for example methanol, ethanol. isopropanol or 
butanol) and water is treated with dilute hydrochloric acid, chioroacetic acid, dichloroacetic 
acid or trifluoroacetic acid for 0.5 to 24 hours. The reaction temperanire is preferably -10 to 
35 °C to give the des-cladinose compounds (4a). The 2' -hydroxy group of (4a) is protected 
.s and convened to (4a) by treatment with a suitable hydroxy protecting reagent (cf. T. W. 
Greene and P. G. M. Wuts, Protective Groups in Organic Svnth>.dc 2nd ed.. John Wiley & 
Son, Inc.. 1991) such as acetic anhydride, benzoyl anhydride, benzyl chloroformate or 
trialkylsUyl chloride in an aprotic solvent, as defined above, preferably dichloromethane, 
chloroform, DMF, tetrahydrofuran (THF), N-methyl pyrrolidinone or a mixture thereof. 
10 The protected macrolide (4) is reacted under anhydrous conditions with base such as sodium 
hydride, lithium hydride, potassium carbonate or dimethylaminopyridine and followed by 
phosgene, diphosgene, iriphosgene or benzyl chloroformate in an aprotic solvent, as defined 
above. The reactive intermediate is then trapped with benzyl alcohol to give compound (5). 
Compound (5) is reacted under anhydrous conditions with NaH and CDI in an aprotic 
solvent, preferably THF, DMF or a mixture thereof. Tht leaction may loquire cooling of 
heating, depending upon the conditions used. The reaction temperature may be from -20'*C 
to TO'C, and preferably from O^'C to reaction temperature. The reacdon may require 0.5 
hours to 10 days, and preferably 1-5 days, to complete. 
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Scheme 3 

Preparation of Starting Matoiais, 12-inudazolylcarfoonyloxy 
macrolides. for Compounds of Foimula fim 




(7a) (8) 

is as described tor tormula III 
is a hydioxy-protecting group 



Scheme 3 iUusirates two general procedures for the synthesis of 1 2- 
imidazolylcarbonyloxy nruicroUde (8). starting materials for the preparation of compounds of 
formula (III). In accordance with scheme 3, the 3-hydroxy group of a 2'-protected des- 
cladinose macrolide (4) is oxidized to the corresponding 3-oxo compound (7) using a 
5 modified Swem oxidation procedure. In scheme 3, suitable oxidizing agents are N- 
chlorosuccinimide-dimediyl sulfide or carbodiimide-dimethylsulfoxide. In a typical 
example, (4) is added into aprc-formcd N-chiorosuccinimide and dimethyl sulfide complex 
in a chlorinated solvent such as methylene chloride at -1 0 to 25 "C. After being stirred for 
0.5-4 hours, a tertiary amine such as triethylamine or Hunig's base is added to produce the 
10 oxidized compound (7). 

In the first approach in scheme 3, (7) is reacted with sodium hydride or lidiium 
hydride and GDI under anhydrous conditions in an aprotic solvent, as defined above, which 
does not adversely affect the reaction, preferably dichloromethane. chloroform, DMF. 
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tetrahydrofuran (THF), N-methyl pyrrolidinone or a mixture thereof. The resulting alkoxide 
is then reacted with excess carbonyldiimidazole for 0.5 hours to 10 days in the same reaction 
mixture to produce (8). The preferred temperature is from - 10 °C to reaction temperature. 
In the second approach in Scheme 3, (7) is converted to (7a) with sodium hydride or 
5 lithium hydride and phosgene, diphosgene or triphosgene under anhydrous conditions 
followed by aqueous work up. Alternatively, (7) is converted to its corresponding 1 1- 
mesylate by reacting (7) with methanesulfonic anhydride in pyridine. The 1 1 -mesylate is 
then converted to (7a) with an amino base such as DBU or dimethylaminopyiidine in acetone 
or acetonitrile. (7a) is then reacted widi sodium hydride or lithium hydride under anhydrous 
1 0 conditions in an aprotic solvent, as defined above, which does not advwsely affect the 

reaction, preferably dichloromethanc. chloroform, DMF, teirahydrofiiran (THF), N-methyl 
pynolidinone or a mixture thereof. The reactive alkoxide is then reacted with 
carbonyldiimidazole for 0.5 hours to 10 days in the same reaction mixture to produce (8). 
The preferred temperature is from - 10 °C to reaction temperature. 
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Scheme 4 

Preparation of 12-iniidazolylcarbonyloxy 
macroUdes ( m. for rompou nds of Formula f HA 




0 



(10) 

is as described for formula III 
is a hydroxy-protecling group 

In accordance with Scheme 4, a protected desdadinosc compound of formula (5) is 
dissolved in an aprotic solvent such as THF, then reacted with an excess of NaH at from 0°C 
10 -30*C under an inert atmosphere, followed by reaction of the intennediate anion with CS2, 
then CH3I at -5 to 10°C, to form a 3-0-xanthyl compound. This xanthate intermediate is 
5 then reacted with 1.M.3 equivalents of Bu3SnH under an inen atmosphere in the presence 
of a catalytic amount of AIBN in a solvent suitable for a free radical reaction, such as 
benzene or toluene, for example, at reHux conditions to afford the desired compound (9). 
Compounds (9) are then reacted with carbonyldiimidazole and NaH under anhydrous 
conditions in an aprotic solvent, as defined above, which does not adversely affect the 
10 reaction, preferably dichloromethane. chloroform. DMF. letrahydrofuran (THF), N-methyl 
pyrrolidinone or a mixture thereof, at a temperature from O'C to reaction temperature for 0.5 
hours to 10 days to provide the compounds of formula (10). 
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Scheme 5 
Preparation of Compnimrii^ pf Formula (l\ 




RMs as described ior formula I 
is a hydroxy-protecting group 



deprotect 



10 




»fy OCH 



cydize 



OH 
'OCH] 




(12) HiC OCHj 



(13) 

Compound of Formula (I). 

In accordance with Scheme 5. a starting material compound of fomiula (3) is reacted 
with a diamine compound having substituents A. B. D and E as defined above but with C2 
or Cs symmetry or A=B=H. in a suitable solvent, such as for example, aqueous acctonitrik. 
DMF or aqueous DMF, to give the bicycUc compound of formula ( 11 ). The 2' and 4" 
hydroxy protecting group of compound (1 1) are then removed by standard methods (cf. T. 
W. Greene and P. G. M. Wuts. Protectivf. nm. ms in nr«r«nir Svnthpci,; 2nd ed., John 
Wiley & Son. Inc., 1991) to give (12). When 0R2 is an ester, for example, such as acetate 
or bcnzoate, the compound may be deprotectcd by treatment with methanol or ethanol. 
When R2 is a trialkylsilyl group, the compound may be deprotectcd by treatment with 
fluoride in THF or acetonitrile, for example. Compound ( 1 2) is then cyclized by treatment 
with dilute acid, such as acetic acid or HCl, for example, in a suitable organic solvent, such 
as methanol, ethanol or propanol, for example, for a period of from 4 hours to 10 days, 
from reaction temperature to reflux, in order to prepare the compound of formula (13). 
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Scheme 6 

Alternate Prenaration of Compounds of Fomula (h 




is as described tor tonmia I 
b a hydTDX/'pnucting group 




Compound of Formula (I). 



Scheme 6 illustrates an alternative preparation of compounds of formula (I). Starting 
material (3) is reacted with a beta-aminoaJcohol (Y=OH) having substituents A, B, D and 
as defined above, in a suitable solvent system such as aqueous acetonitrile. DMF or aqueous 
DMF at 0 - 70 to give compound (14) where Y=OH. The azido intermediate, compound 
(14) Y=N3, is prepared by Mitsunobu reaction by reacting compound (14) Y=OH with 
triphenylphosphine and diphenylphosphoryl azide-DEAD in tetrahydrofuran. Compound 
(14) is then deprotected by standard methods (cf, T. W. Greene and P, G. M. Wuts, 
Protective Groups in Qri^anic ^^Ynrh^^j^ 2nd ed., John Wiley & Son. Inc., 1991). When 
0R2 is an ester, for example, such as acetate or benzoate, the compound may be deprotected 
by treatment with methanol or ethanol. When r2 is a trialkylsilyl group, the compound may 
be deprotected by trcaunent with fluoride in THF or acetonitrile, for example. The azido 
intermediate, confound (14) Y=N3, is then reduced to the amino compound (12). Suitable 
reducing reagents are triphcnylphosphine-water, hydrogen with a catalyst, sodium 
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borohydride, or dialkylaluminum hydride. Compound ( 1 2) is then cyclized by treatment with 
dUute acid, such as acetic acid or HQ, for example, in a suitable organic solvent, such as 
methanol, ethanol or propanol, for example, for a period of from 4 hours to 10 days, in 
order to prepare the compound of formula (13). 

Alternatively in scheme 6, the hydroxy group (Y=OH) in (14) is activated by 
treatment with sulfonyl chloride, alkyl or aryl sulfonic anhydride or trifluoromethanesufonic 
anhydride in an aprotic solvent (e.g., diethyl ether, dichloromethane, tctiahydrofuran. 
chloroform, pyridine or a mixture thereof). The reaction requires cooling or heating, 
depending on die conditions used. The reaction temperature is preferably -100 to 10 °C. 
The reaction may require 20 minutes to 24 hours to complete. The activated hydroxy group 
u> (14) (.e.g., Y=-OS02CF3) is then converted to the corresponding azide (Y=N3, 14) by 
reacting with lithium azide or sodium azide in the same solvent described above. The 
reaction ten:>perature is preferably 0- 100 "C. The azido compound is then converted to (13) 
according to the procedures described above. 
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Scheme 7 
Preparation of Compounds of Formula (ir\ 




(17) (16) 
Compound of Formula (II) 



In accordance with Scheme 7, a starting material compound (6) is reacted with a 
diamine compound having substitucnts A, B. D and E as defined above but with C2 or Cs 
symmetry or A=B=H. in a suitable solvent, such as for example, aqueous acetonitrile, DMF 
5 or aqueous DMF. to give the bicycUc compound of formula ( 1 5). Compound (1 5) is then 
deprotected to prepare the compound of formula (16). The dcpiotection is accomplished by 
standard methods described (cf. T. W. Greene and P. G. M. Wuts, Prot<>rrivi> r.rn..p» in 
Organic Synthesis. 2nd ed.. John Wiley & Son, Inc., 1991). When 0R2 is an ester, for 
example, such as acetate or benzoate, the compound may be deprotected by treatment with 
10 methanol or ethanol. When R2 is a trialkylsilyl group, the compound may be deprotected by 
treatment with fluoride in THF or acetonitrile, for example. Compound (16) is then cyclized 
by treatment with dilute acid, such as acetic acid or HCl, for example, in a suitable organic 
solvent, such as ethanol or propanol. for example, for a period of from 4 hours to 10 days, 
from reaction temperature to reflux, in order to p-epare the compound of formula (17). 
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Scheme 8 

Alternate Preparation o f Compnunds of FoTmuia (fl ) 




(16) 

Compound ot FormuJa (II) 



Scheme 8 illustrates an alternative preparation of compounds of formula (U). 
Staning material (6) is reacted with a beta-aminoalcohol (Y=OH) having subsrituenis A, B, 
D and E, as defined above, in a suitable solvent system such as aqueous acetonitrile, DMF 
5 or aqueous DMF at 0 - 70 °C to give compound ( 1 8) where Y=OH. The azido intermediate, 
compound (18) Y=N3, is prepared by Mitsunobu reaction by reacting compound (18) 
Y=OH with triphcnylphosphine and diphenylphosphoryl azide-DEAD in tetrahydrofuran. 
Compound (18) is then deprotected to prepare the compound of formula (16) wherein is 
H. The dcprotcction is accompUshcd by standard methods (cf. T. W. Greene and P. G. M. 

»0 Wuts. Protecrive Groups in Organic Synthesis 2nd ed., John Wiley & Son, Inc., 1991). 
When 0R2 is an ester, for example, such as acetate or benzoate, the compound may be 
deprotected by treatment with methanol or ethanoL When is a tiialkylsilyl group, the 
compound may be deprotected by treatment with fluoride in THF or acetonitrile, for 
example. The azido intermediate, compound (18) Y=N3, is then reduced to the amino 

15 compound (1 6). Suitable reducing reagents are triphcnylphosphine- water, hydrogen with a 
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catalyst, sodium borohydridc, or dialkylaluminum hydride. Compound (16) is then cyclized 
by treatment with dilute acid, such as acetic acid or HCL for example, in a suitable organic 
solvent, such as methanol, ethanol or propanol, for example, for a period of from 4 hours to 
10 days, from reacdon temperature to reflux* in order to prepare the compound of formula 

5 (17). 

Alternatively in scheme 8, the hydroxy group (Y=OH) in (18) is activated by 
treatment with sulfonyl chloride, alkyl or aryl sulfonic anhydride or irifluoromethanesufonic 
anhydride in an aprodc solvent (e.g., diethyl ether, dichloromethane, tetrahydrofuran. 
chloroform, pyridine or a mixture thereof. The reaction requires cooling or hearing, 

10 depending on the conditions used. The reaction temperature is preferably - 100 to 10 **C. 
The reaction may require 20 minutes to 24 hours to complete. The activated hydroxy group 
in (18) (e.g., Y=-OS02CF3) is tiicn converted to the corresponding azide (Y=N3, 18) by 
reacting wi± lithium azide or sodium azide in the same solvent described above. The 
reaction temperature is preferably 0- 100 ^'C. The azido compound is riien convened to (13) 

15 according to the procedures described above. 
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Compound of Formula (ill) 



In accordance with Scheme 9, a starting material compound(8) is reacted with a 
diamine compound having substituents A, B, D and E as defined above but with C2 or Cs 

5 symmetry or A=B=H, in a suitable solvent, such as for example, aqueous acetonitrile, DMF 
or aqueous DMF, to give the bicyclic compound of formula ( 1 9). Compound (1 9) is then 
dcprotected prepare the compound of formula (20), The deprotection is accomplished by 
standard methods (cf. T. Greene and P. G. M. Wuts» Protective Groups in Qrpanic 
$ynth^si^ > 2nd cd., John Wiley & Son, Inc., 1991 ). When 0R2 is an ester, for example. 

10 such as acetate or benzoate, the compound may be deprotected by treatment with methanol or 
ethanol. When R2 is a trialkylsilyl group, the compound may be deprotected by treatment 
with fluoride in THE or acetonitriie, for example. Compound (20) is dien cyclizcd by 
treatment with dilute acid, such as acedc acid or HCI, for example, in a suitable organic 
solvent, such as ethanol or propanol, for example, for a period of from 4 hours to 10 days, 

15 from reaction temperature to reflux, in order to prepare the compound of formula (21). 
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Altemateiy» as is readily apparent to those skilled in the art it is possible to cyclizc compound 
(19) first, then deprotect, to obtain the compound (21). 



Scheme 10 

Alternate Preparadon of ComoQunds of Formula (ID^ 




R' Is as descittiBd for fcrmtda I 
P? is» hydrDXy-prolBOing group 




Compound of Formula (III) 



Scheme 10 illustrates an aitemative preparation of compounds of formula (III). 
5 Starting material (8) is reacted with a beta-aminoalcohol (Y=OH) having substituents A, B, 
D and E in a suitable solvent system such as aqueous acctonitrile. DMF or aqueous DMF at 
0 - 70 °C to give compound (22) where Y=OH. the azido intermediate, compound (22) 
Y=N3. is prepared by Mitsunobu reaction by reacting compound (22) Y=OH with triphenyl- 
phosphine and diphenylphosphoiyl azide-DEAD in tetrahydrofuran. Compound 02) is dien 
10 deprotectcd by standard methods (cf. T. W. Greene and P. G. M. Wuts. Protective Groups 
in Organic Synthffsi^ . 2nd cd., John Wiley & Son, Inc.. 1991). When 0R2 is an ester, for 
example, such as acetate or benzoate, the compound may be deprotected by treatment with 
methanol or ethanol. When R2 is a ffialkylsilyl group, the compound may be deprotected by 
treatment with fluoride in THF or acetonitiiie. for example. The deprotected azido 
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intermediate, compound (22) Y=N3, is then reduced to the amino compound (20). Suitable 
reducing reagents are triphenyiphosphine-water, hydrogen with a catalyst, sodium 
borohydride, or dialkylaluminum hydride. Compound (20) is then cycUzed by treatment with 
dilute acid, such as acetic acid or HCl for example, in a suitable organic solvent, such as 
5 methanol, cthanol or propanol, for example, for a period of from 4 hours to 10 days, from 
reaction temperature to reflux, in order to prepare the compound of formula (21 ). 

Alternatively in scheme 10, the hydroxy group (Y=OH) in (22) is activated by 
treatment with sulfonyl chloride, alicyl or aryl sulfonic anhydride or trifluoromethanesufonic 
anhydride in an aprotic solvent (e.g., diethyl ether, dichloromethane, tetrahydrofuran, 

10 chloroform, pyridine or a mixnire thereof. The reaction requires cooling or heating, 
depending on the conditions used. The reaction temperature is preferably - 100 to 1 0 
The reaction may require 20 minutes to 24 hours to complete- The activated hydroxy group 
in (22) {e.g.. Y=-OS02CF3) is then converted to the corresponding azide (Y=N3, 14) by 
reacting witfi lithium azide or sodium azide in the same solvent described above. The 

15 reaction temperature is preferably 0^100 The azido compound is then converted to (13) 
according to the procedures described above. 



-48- 



wo 97A7356 



PCTAJS96/16585 



Scheme 11 

Preparation of Comnounds of Formula (TV) 




tZ5) 124) 
Compound of Formula (IV) 



In accordance with Scheme 1 1, a starting material compound (10) is reacted with a 
diamine compound having substituents A, B, D and E as defined above but with C2 or Cs 
symmetry or A=B=H, in a suiuble solvent, such as for example, aqueous aceioniirile, DMF 
5 or aqueous DMF, lo give the bicyclic compound of formula (23). Compound (23) is then 
dcprotected to prepare the compound of formula (24) by standard methods (cf. T, W. 
Greene and P. G. M. Wuts, Protective Groups in Organi c SvnthesU. 2nd ed., John Wiley 
& Son, Inc., 1991 ). When OR^ is an esten for example, such as acetate or benzoatc, the 
compound may be dcprotected by treatment with methanol or edianoU When is a 
10 trialkylsUyl group, the compound may be dcprotected by treatment with fluoride in THF or 
acetonitrilc, for example. Compound (24) is then cyclized by treatment with dilute acid, 
such as acetic acid or HCl, for example, in a suitable organic solvent, such as ethanol or 
propanol, for example, for a period of from 4 hours to 10 days, from reaction temperature to 
reflux, in order to prepare the compound of formula (25). 
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Scheme 12 

Alternate Pranararinn nf rp mpounds of Formula (W) 




R' is BS daserted for tonnuial 
B a hydroxy-pialgoiing grtxip 




Cempound of Rmnuta (IV) 



Scheme 12 illustrates an alternative preparation of compounds of formula (IV). 
Starting material (10) is reacted with an bcta-aminoalcohol (Y=OH) having si^stituents A, 
B, D and E. as defined above, in a suitable solvent system such as aqueous acetonitiile, 

5 DMF or aqueous DMF at 0 - 70 "C to give compound (26) where Y=OH. The azido 
intermediate, compound (26) Y=N3, is prepared by Mitsunobu reaction by reacting 
compound (26) Y=OH with diphcnylphosphoryl azide-DEAD in tetrahydrofuran. 
Compound (26) is then deprotectcd by standard methods (cf. T. W. Greene and P. G. M. 
PTPtCgtivC Groups in Orpanic Svnthesis. 2nd ed., John Wiley & Son, Inc.. 1991). 

10 When 0R2 is an ester, for example, such as acetate or bcnzoate. the compound may be 
deprotected by treatment with med»anol or ethanol. When R2 is a irialkylsilyl gioup. the 
compound may be deprotected by treatment with fluoride in THF or acetonitrile, for 
example. The deprotected azido intermediate, compound (26) Y=N3, is then reduced to the 
amino compound (24). Suitable reducing reagents are triphenylphosphine-water. hydrogen 

15 with a catalyst, sodium borohydride, or dialkylaluminum hydride. Compound (24) is then 
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cyclized by treatment with dilute acid, such as accdc acid or HCI, for example, in a suitable 
organic solvent, such as methanol, ethanol or propanol, for example, for a period of from 4 
hours to 10 days, in order to prepare the compound of formula (25). 

Alternatively in Scheme 12, the hydroxy group (Y=OH) in (26) is activated by 

5 treatment with sulfonyl chloride, alkyl or aryl sulfonic anhydride or trifluoromethanesufonic 
anhydride in a solvent does not adversely affect the reaction (e.g.. diethyl ether, 
dichloromethane, tetrahydrofiiran, chlorofomi, pyridine or a mixtuie thereof. The reaction 
requires cooling or heating, depending on the conditions used. The reaction ten:q)erature is 
preferably -100 to 10 '^C. The reaction may require 20 minutes to 24 hours to con^Iete. TTie 

10 activated hydroxy group in (26) (e.g.. Y=-OS02CF3) is then converted to the corresponding 
azide (Y =N3, 26) by reacting with lithium azide in the same solvent described above. The 
reaction temperature is preferably 0-70 °C The azido compound may be deprotected and 
converted to (25) according to the procedures described above. 

The compounds and processes of the present invention will be better understood in 

1 5 connection with die following examples, which are intended as an illustration of and not a 
limitation upon the scope of the invention. 

Example 1 

Compound (TV): Rl^ethoxv: R2=hvdropen: A=B=D=E=hvdrogen 

20 

la. 5>0-desosaminvl-6-0-methvlervthronoUde A 

A sample of clarithromycin (3-0-cladino^l-5-0-desosaniinyl-6-0-methyl- 
erythronolide A, Abbott Labs, 142.38 g, 190.35 mmol) was suspended in an ethanol-water 
solution (1700/600 mL), and 341 mL of IN HQ was added. The reaction nuxture was 
25 stined for 24 hours, and 2 M NaOH ( 1 70 mL) and an additional 250 mL of water were 

added with vigorous stirring. The precipitate was collected by filtration, washed with water, 
and dried to afford the tide compound (95.00 g, 84%). MS m/z: 590 (M+H)+ 

iJZi B-O-xanthvl-S-CMesosaminvl-fi-O-rnethviervthronolide A 

30 To a solution of 5-0-dcsosaminyl-6-0-methylerythronolide A (11. 79 g, 20 mmoL, 

from step 1 a above) in THF (100 mL) at -20^C under an inert atmosphere NaH (1.80 g, 60 
mmoL, 60% dispersion) was added slowly over a 5 rninuie period. Several minutes later 
CS2 (1.2 mL, 20 mmoL) was added. After 5 minutes of stirring CH3I (1.24 mL, 20 mmol) 
was added, the reaction mixture was allowed to gradually warm to -5 - O^C, and the mixture 

35 was stined for 1 hour. The reaction mixture was diluted with EtOAc (400 mL), and the 
mixture was washed with saturated aqueous NaHCOs and brine, dried (MgS04), and 
concentrated to afford the crude product The residue was purified by chromatography on 
silica geU eluting with CHCI3 and CHCls-McOH (95:5), to afford the title compound (7.68 
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g; 56%). MS m/z: 680 {M+H)+, Anal. Calcd. for C32H57NO10S2: C, 56.52; H, 8.45: N, 
2.06: Found: C 56,95: H, 8.65; N, 1.92. 

iSL 3-deoxv-5-0-desosaiTiin vl-6-0-methvIervthronolide A 

5 A solution of 3-0-xanthyl-5-0-desosaminyl-6-0-methyl erythronolidc A (20.00 g; 

29.41 mmoU from step lb), Bu3SnH (9,49 mL, 35.29 mmol) and AIBN (-^50 mg. 
catalytic) in benzene (200 mL) was heated at reflux (adding 25 mg portions of AIBN 
periodically) for 8 hours. The organic layer was separated and washed witii 10% aqueous 
KF and brine, dried (MgS04), and concoitrated to afford the crude product as an oil. The 
10 residue was purified by chromatography on silica gel, cluting with CHd^ and CHCI3- 
MeOH (97.5:2.5), The material was reoystalUzated from hexane to afford the tide 
compound (5.48 g; 32%). MS m/z: 574(M+H)+ Anal. Calcd. for C30H55NO9: C» 
62.80: H, 9.66; N. 2.44: Found: C 63.02; H, 9.74; N, 2.30. 

15 li 2'-C)-acetvl-3-deoxv-5-CMesQsaminvK 6-0-methvlervthronQlide A 

Samples of 3-deoxy-5-0-desosaminyl-6-0-methylerythrOTolide A (573 mg, 1.0 
mmol, from Example Ic above), acetic anhydride (0.188 mL) and TEA (0,278 mL) were 
dissolved in 10 mL of methylene chloride, and the reaction mixture was stirred at reaction 
temperature for 20 hours. The reaction mixture was diluted with 40 mL of methylene 

20 chloride, and the organic solution was washed with saturated aqueous NaHCOs and brine, 
dried and concentrated to obtain the title compound (600 mg). MS tn/z: 616 (M+H)+. 

Compound nO) from Scheme 4: R L=methoxv: R2 =acetvl 

A sample of 2*-0-acetyl-3-deoxy-5-0-desosaminyl-6-0-methylerythronolide A (0.63 

25 g, L023 mmoL from Example Id above) was dissolved in 10 mL of THF, and the solution 
was cooled to To this stirred solution was added sodium bis(trimethylsilyl) amide 

(1.22 mL, 1.0 M in THF). After 4 hours 1,1-carbonyldiimidazole (0.66 g, 4.09 mmol) was 
added as a solution in 6 mL of 2:3 DMFiTHF, and the reaction mixture was slowly warmed 
to reaction temperature and stirred for 16 hours. The reaction was quenched by addition of 

30 5% aqueous NaH2P04, and the resulting mixture was extracted with chloroform. The 
organic layer was washed with water, dried over MgS04 and concentrated to give the title 
compound. MS m/z: 692(M+H)+. 

IL Compound (23) from Scheme 11; R L=methoxv: R2rracetvl: A=B=D=E=hvdrnpen 

35 A sample of the compound from step le above (0.25 g, 0.36 mmol) was dissolved in 

3 mL of acetonitrile, ethylenediamine (0.24 mL, 3.6 mmol) was added, and the reaction 
mixture was stirred at reaction temperature for 3 hours. The solvent was removed under 
vacuum, and tiie residue was dissolved in ethyl acetate. This solution was washed with 
saturated aqueous NaHCOs solution, dried over Na2S04 and concentrated. The residue was 
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twice purified by Hash chromatography on silica gel. eluting with 2-20% ethanol in 
chloroform containing 0,5-2% NH4OH to give the tiaeconripound. MSm/z: 684 (M+H)* 

I p rnmpniind (24) fro m Scheme 1 1 : Ri=mefhoxv; A«B=D=E=^Y^^^P8Cn 
5 A sample of the compound from step If was dissolved in methanol and stiired at 

reaction temperature for 64 hours. The title compound ( 170 mg) was obtained after filtration 
and removal of the solvent 

] h rnmpound fTV) : RW iethoxv: R2=hvdrogcn; A°B=P=E=hYdTOg?n 
10 A sample of the compound from step 6b (170 mg, 0,265 mmol) was dissolved in 2 

mL of ethanol to which was added 0.03 mL of acetic acid, and die reaction mixcuie was 
stirred at reaction temperature for 16 hours. The solvent was removed, and the residue was 
suspended in water. The solution was adjusted to approximately pH lO-l 1 widi 2M NaOH, 
and the mixture was extracted with ethyl acetate. The organic cxmci was washed with 
15 brine, dried over Na2S04 and concentrated. The residue was purified by flash 

chromatography on silica gel, eluting with 10% ethanol in chloroform containing 0.1 % 
ISIH40H. The product was re-chromaiographed, eluting with 0-15% ethanol in chloroform 
to give the title compound (55 mg). MS m/z: 624 (M-hH)+, 646 (M+NHa)"". Anal. Calcd. 
for C33H57N3O8: C, 63.53: H, 9.20; N, 6.73; Found: C. 64.68; H, 9.27; N, 7.01. 
20 13CNMR: C=0 (16) 156.3. NCH2 (17) 42.4, NCH2 (18) 49.1 

Example 2 

Preparation of Intermediate Starting Material: 
Compound (8^ from Scheme 3: Rl =methoxv: R2=benzovl 

25 

7a. 5-QK!esosaminvl-6 -Q-methvlervthronolide A 

A sample of clarithromycin (3-0-cladinosyl-5-0-desosanunyl-6-0- 
methylerythronolide A, Abbott Labs. 900 g, 1.2 mole) was suspended in water (10.8 L) and 
ethanol (4.0 L), and the resulting slurry was stirred at reaction temperature until 
30 homogeneous (about 20 minutes). HCl (LOO M, 2.16 L) was added over 15 nunutes, and 
die reaction mixture was stirred for 20 hours. NaOH solution (2.00 M, L20 L) was added 
over 30 minutes until pH 10.5-1 LO was reached, and the reaction mixture was stirred for 2 
hours. The precipitate was colleaed and washed with cold water, which was dried under 
vacuum ai SO'X: to afford 601 g of the tide cwnpound. MS m/z (M+H)+: 590, 

35 

7,1^, ;^^n^hen7nvl>5-Q-desQsaminvN6>0-meAvlervthrDnolide A 

To a solution of 5-Odesosanunyl-6-0-methylerythronolide A» (600 g, LOl mol 
from step 2a above) in methylene chloride (2.0 L) was added 90% technical grade benzoic 
anhydride (380 g, L59 mol). Trietiiylamine (222 mL, 1.59 mol) was added over 10 
40 minutes* and the thick solution was stirred for 48 hours. Sodium bicarbonate solution 
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(10%. 1.5 L) was added, and the mixture was stiircd for 30 minutes. TTie layers were 
separated, and the organic fraction was washed with water (3 x 600 mL) and brine (600 
mL). TTic organic layer was dried (Na2S04) and filtered, and the volatiles weie removed on 
a ro,^ evaporator to leave a syrup. Trituration with a warm solution of hexanc (2.0 L) and 
5 ethy acetatMlCXJmLjconvertedtheproduatowhiteciystals. THe product was filtered, 
washed wzth hexane and dried in a vacuum oven overnight at ambient tcmperatur. to give the 
title compound (691 g). MS m/z (M+H)+: 694. 

,^ ^' 2'-Q-bfn70Yl-M>-(1nnSflniinvl-^ drnxv.Wn.^.n.^ ^ ^ ,1^...^ ^ ^,.^, , 
10 A sample of AT^hlorosuccinimide (57.0 g, 0.42 mol) was slurried in anhydrous 

methylene chloride (600 mL), and dimethyl sulfide (36.0 mL. 0.49 mol) was added 

d^pw^e over 30 minutes. Asample of the compound fromstep 2b (2^^^ 
was dissolved :n methylene chloride ( 1.20 L), and this solution was added to the reaction 
mixture over 45 minutes. After stimng for 30 minutes a solution of triethylamine (40.0 mL, 
15 «-chonde(200mL)wasaddeddr.pwiseo^ 

T^eresu ung solution was washed with sodium bicarbonate (10%, 3 x 600 mL) and brine 
(600 mL). n« organic fraction was dried (Na2S04) and filteicd, and the voladles were 
amoved on a rotary evaporator to give a thick syrup, which became a soUd upon standing. 
T^e sohd was crushed and dried overmght at ambient temperature in a vacuum oven to give 
20 the title compound ( 196 g). MS m/z (M+H)+: 692. 

^"gWV^-^-amwha^es^Hm,Yl-fr f ^Tnethv^ ^^Y^^I^^^^^^. ^ 

Toasolutionof2'-0-benzoyl-5-0-desosaminy|.3-deoxy-3-oxo.6-0-methyl- 
25 e^hronoUde A from step 2c above (20.00 g, 28.9 mmole) in pyridine (40 mL) cooled to 0° 
and held under N2 was added methancsulfonic anhydride ( 14.6 g, 83.81 mmole), ami the 
reaction was allowed to stir at reaction temperature for 17 hours. TT.e pyridine was removed 
under vacuum, and the residue was dissolved in EtOAc (400 mL). TOs solution was 
washed with saturated aqueous NaHCOj. H2O and brine, dried (MgS04), decolorized with 
chaxroal, and filtered through a diatomaceous earth filter aid. The solvent was removed 
under vacuum to afford the crude product (24.46 g). TOs material was taken directly to the 
next step wi Aout further purification. 

2c. 10 1 l-anhydro-2.0-benzoyl-5-0-desosaminyl- 

The mesylate from step 2d above was dissolved in acetone (70 mL), and DBU (5 22 

mL.34.9mmole)added. After stirring at r««^on temperature for 22 hours the acetone was 
removed under vacuum, EtOAc (250 mL) was aHHerf »nH »k. • ■ 
with 1 nn ml „««i t V, ' *® °'8anic hiycr was washed 

with 100-mL portions of sat. aq. NaHCOj (2x), H2O (Ix). and brine (Ix). m solution 
was dried (MgS04), decolorized with charcoal and filtered through a diatomaceous earth 
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filter aid The solvent was removed under vacrnun to afford the crude product (18,54 g). 
This material was purified by chromatogr^hy on silica gel elating with 40% ethyl 
acetate^exanes containing 0^5 % concaitrated NH4OH. The appropriate fractions were 
combined and concentrated to give the product, MSm/2(M+H)+: 674. 

5 

2L Compound f8) from Scheme R L=methoxv! RZ zzfaenzpyl 

A 500 mt flask was charged with 60% NaH (LOS g, 26.3 mmole). The NaH was 
rinsed with 3 portions of hexanes, and dried under a N2 stream. Freshly distilled THF (90 
mL) was added, and the solution was cooled to 0 under N2. The 10,1 l-anhydio 

10 compound from stq) 2d above (8,40 g, 12.5 nunol) was then added over a one minute 
period. After stirring for 15 minutes, a solution of carbonyl diimidazole (5,98 g, 36.9 
mmole) in 60 mL of THF was added to the reaction mixture via cannula over a period of 1 5 
minutes. After stirring for 5 hours, the reaction mixture was quenched widi 5% KH2PO4 
solution, and the mixture was stirred at 0 ''C for 20 minutes. The mixture was extracted with 

15 ethyl acetate. The combined oi^anic extracts were washed with brine, dried over Na2SQ4 
and concentrated under reduced pressure. The residue was purified by chromatography on 
silica gel, eluting with 25% -40% acetone/hexanes. The appropriate fractions were 
combined and concentrated to give the product MS m/z (M-f H)+: 768. >HNMR(CDa3): 
0.90(t, 3H), 0.95(d, 3H), L21(d, 3H), L27(d, 3H), L32(s, 3H). 2.25(s, 6H), 2.78(s, 

20 3H). 197(m, IH), 3.58(m, IH), 2.63(q, IH), 4.14(d, IH), 4.50(d, IH), 5.00(dd, IH), 
5.65(dd, IH), 6.75(s, IH), 7.05(m, IH), 7.35(m, IH), 7.43(dd, 2H), 7.54(t, IH), 
8,02(d, 2H), 8.07(s, IH): NMR (CDCI3): 204.8, 168.8, 165.0, 145.9, 138.4, 138.1, 
137.0, 132,7, 130,8, 130.5, 129.7, 128.2. 117.0, 102.1, 84.5, 8L0, 78.5, 76.9, 72.0, 
69,2, 63.7, 50.9, 50.2, 47.2, 40.7, 40.3, 38.8, 31.1, 30.8, 22.5, 20.9, 20.7, 20,0. 18.8, 

25 14.8, 14.2, 13.2. 10.4, 

Example 3 

Compound of Formula fni), A. B & E^hvdmgen. D=hp.nTvl RJ =methoxv: R2 =hydroBen 

30 2i 2>fR)-fBOC-amino)-3^nhftnvl.Up|^|fflnft) 

To a 52 g (23.8 mmoic) sample of di-t-butyl dicarbonate in 20 mL of m^ylene 
chloride held at O^C was added (R)-2-amino-3 ^phenyl- 1-propanoI (3.0 g, 19.8 mmole, 
Aldrich), and the reaction mixture was stirred 1.5 hours at reaction temperature. The solvent 
was removed, and the residue was dried under high vacuum and taken direcUy to the next 

35 step. 

2'f R VfBOC'aminoV 1 -0-methane5;ulfanvlnifv-3-iihenv»prnp i, ^ ff 

The material from step 3a was dissolved in 20 mL of methylene diloride and 5 mL of 
THF, and the solution was cooled to O^'C. Triethylamine (4. 1 mL, 29.4 mmole) was added. 
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then mcthanesulfonyl chloride (1 .9 mL, 24.5 mmolc) was added slowly. The mixture was 
stuTCd 45 minutes at reaction temperature, then the solvent was removed under vacuum. The 
residue was dissolved in ethyl acetate^ and the solution was washed with water and brine, 
dried (Na2S04) and filtered. The solvent was removed under vacuum to afford 6.38 g of the 
5 tide compound. MS m/z (M+H)+: 330, MS m/z (M+NH4)+: 347, 

i£x 1'azido-2>(R>-fBOC-aniinQV3-phenyIpropane 

The compound from step 3b above (6.36 g, 193 mmole) was dissolved in 25 mL of 
DMF, and 2.5 g (38 mmole) of NaN3 was added. The reaction mixture was stirred for 24 
10 hours at 62®C. The solution was cooled to reaction temperature, then extracted wiA ediyl 
acetate. The organic extract was washed with water and brine, dried (Na2S04) and filtered. 
The solvent was removed under vacuum to afford 4.34 g of Ae title compound. MS mfz 
(M+Hr: 277, MS m/z (M+NH4)+: 294. 

15 2^ 1 >azido-2>f RVamino-3-phenvlpropane 

The compound from svsp 3c (4.3 g,15.6 mmole) was dissolved in 30 mL of 4 N HCl 
in ethanol, and the reaction nuxture was stined for L5 hours at reaction tenyerature. The 
solvent was stripped and chased with ether. The residue was dissolved in water, NaCl was 
added, and the mixture was extracted with ethyl ether, which was discarded. The aqueous 

20 layer was adjusted to pH 12 with K2CO3, saturated with NaO, then extracted with CHCI3, 
The organic extract was washed with brine, dried (Na2S04) and filtered. The solvent was 
removed under vacuum to afford 2.17 g of the tide compound MSm/z(M+H)+: 177, MS 
m/z(M+NH4)^: 194. 

25 2& i> 2-fR)-dianiinQ-3-phmvlprQpap^ 

A sample of the compound from step 3d (1.2 g, 6.8 mmole) was hydrogenated (4 
atm) in ethanol over 1.2 g of 10% Pd/C for 2 1.5 hours at reaction temperature. The mixture 
was filtered to remove the catalyst, and the solvent was removed to afford the tide compound 
(1,055 g), MSm/z(M+H)+: 151, MS m/z(M+NH4)-^: 168. 

30 

2L Comix)und (19^ from Scheme 9. A=B=E==H. D=benzvL Rl^ethoxv. R2=benzovl 

San^Ies of the compound of formula (8) (Scheme 3; R^«methoxy; R^benzoyl; 
from Example 2, 750 mg, 0.98 mmole) and 1, 2-(R)-diamino-3-phenylpropanc (fi^m step 
3e above, 1.04 g, 6.92 nunolc) were dissolved in 4 mL of acetonitrile and 0.5 mL of water. 
35 The reaction mixture was stirred for 24 hours at reaction temperature. The solvent was 
removed, and the residue was dissolved in ethyl acetate. The solution was washed with 
water and brine^ dried (Na2S04)i filtered, and the solvent was removed. The residue was 
purified by chromatography on silica gel, eluting with hexane to 30% acetone in hexane to 
give 236 mg of the title compound. MSm/z(M+H)+: 850. 
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3g. Compound (20) from Scheme 9, A=B=E=H, 
D^facnzvl. Rl=:methoxv. R 2=hvdropen 

A sample (217 mg, 0.26 mmole) of the compound from step 3f above in 6 mL of 
methanol was sdired at reflux for 4 hours. The solvent was removed, and the residue was 
S purified by column chromatography on silica gel, eluting with 1.5% methanol in chloroform 
containing 1% NH4OH to afford 176 mg of the title compound. MS m/z (M+H)+: 746. 

3lL Compound of Formula Oin. A=B=E=H. D=ben2vL Ri=methoxv. R2=hvdrog en 

A sample of the compound from step 3g (148 mg, 0.20 mmole) was dissolved in 26 

10 mL of cthanol, and of acetic acid (0.026 mL, 0.45 mmole) was added. The reaction mixturc 
was stirred for 24 hours at reflux, then the solvent was removed. The residue was dissolved 
in ethyl acetate, which was washed with aqueous K2CO3, water and brine. The solution 
was dried (Na2S04), Filtered, and the solvent was lemoved under vacuum to afford 150 mg 
of product. This material was purified by column chromatography on silica gel, eluting with 

15 0.5% to 0.6% methanol in chloroform containing 0.5% NH4OH to afford 134 mg of the title 
compound, MS nVz (M+H)-^: 728, NMR (CDCI3): 0.82(t, 3H), L02(d, 3H), 1.18(d, 
3H), 1.32(s, 3H), 1.35(d, 3H), 1.43(s, 3H), 1.50(m, IH), 1.87(m, IH), 2.27(s, 6H), 
2,32(s, 3H), 2.56(dd, IH), 2.66(m, 2H), 3.03(m, IH), 3.19(dd. IH), 3,63(s. IH). 
3.75(q, IH), 3.94(dd, IH), 4.04(m, IH), 4.13(d, IH), 4.28(d, IH), 4.85(dd, IH), 7.10- 

20 7.35(m, 5H); 13c NMR (CDCI3): 204.0, 177.8, 169.4, 156.0, 138.3, 130,1, 127.9, 
126.1, 103.9, 81.4, 79.4, 78.5, 76.4, 70.3, 69.5, 65.9, 59.5, 57,9, 51.2. 48.7, 48.3. 
46.5, 42.8, 40.2, 38,5, 36.0, 31.6, 28.2, 22,0, 2L2, 19.6, 19.0, 16.7, 14.4, 14.1, 12.7, 
11.0, 10.4; 

25 Example 4 

Compound of Formula flDV A=B=D=H R=h<>n7yl R l=methoxv: R2=^hvdrogen 

ifli l-azidO'2-(SVaminQ-3- phenvl-prnpanf, 

Following the procedure of Example 3a, except substimting (S)-2-amino-3-phenyl-l- 
30 propanol ( Aldrich) for the (R)-2-amino-3*phenyl- 1 -propanol thereof, and carrying the 

product forward as in Example 3, steps a-d, the title compound was prepared (1.74 g). MS 
m/z(M+H)*: 177, MS m/z (M+NH4)^: 194, 

4]l 1 ,2-f S)>diamino>3>Dhenvlprnp^ny 

35 A sample of the compound from step 4a (790 mg, 4.48 mmole) was dissolved in 30 

mL of THE and 6 mL of water, triphenylphosphine (5.0 g. 19. 1 mmole) was added, and the 
reaction mixture was stirred for 24 hours at reflux. The solvent was removed, and the 
residue was dissolved in 2 N HCl. NaCl was added, and the solution was extracted with 
ethyl ether. The aqueous layer was adjusted to pH 12 with K2CX)3, saturated with NaCl, 
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then extraaed with CHCI3 and CHCI3 containing 15% isopropanol. The solvent was 
removed under vacuum to afford 439 mg of the title compound. MS m/z (M+H)**^; 15 1, MS 
m/z(M+NH4)+: 168. 

5 4c. Compound ( 1 9) Scheme 9. A=B= D=H. E=benzvL Rl=methoxv. R2=benzovl 
Samples of the compound of formula (8) (Scheme 3; R>=methoxy; R2=ben2oyl; 
from Example 2, 450 mg, 0.59 mmole) and l*2-(SHiamino-3-phenylpmpane (from step 4b 
above* 435 mg, 2.90 mmole) were dissolved in 2 mL of acetonitrile and 0.25 mL of water. 
The reaction mixture was stirred for 24 hours at reaction temperature. The solvent was 
10 removed, and the residue was dissolved in ethyl acetate. The solution was washed with 
brine, dried (Na2S04), filtered, and the solvent was removed. The residue was purified by 
chromatography on silica gel, eluting with hcxane to 25% acetone in hexane to give 405 mg 
of the title compound. MS m/z (M+H)-^: 850. 

15 Compound (20), A=B=D=H. E=benzvl. Ri^thoxv. R2 «hvdrogen 

A sample (386 mg, 0.45 mmole) of the compound from step 4c above in 7 mL of 
methanol was stirred at reflux for 4 hours. The solvmt was removed, and the residue was 
purified by column chromatography on silica gel, eluting with 1.5 % methanol in chloroform 
containing 1% NH4OH to afford 315 mg of the title compound. MS nr\/z (M+H)^: 746. 

20 

4e. Compound of Formula (Tm. A=B=D= H. E^henvL RL^methoxv: R2=hvdrogen 

Following the procedure of Example 3h, except substituting the (S>compound ( 150 
mg, 0.20 mmole) from step 4d for the (R)-isomer of 3h, the dtle confq)ound (136 mg) was 
prepared. MSm/z(M+H)+: 728. NMR (CDCI3): 0.86(t,3H), 1.08(d, 3H), 1.19(d, 

25 3H), 1.33(s, 3H), 1.39(d, 3H), I.47(s, 3H), L54(m, IH), L92(m, IH), 2.28(s, 6H), 
2.58(s, 3H), 3.19(dd, IH), 3.52(m, IH). 3.67(s, IH), 3.77(q, IH). 4,I2(d, IH), 4.27(d. 
IH), 4,92(dd, IH), 7.10-7.40(m, 5H); I3c NMR (CDCI3): 203.7, 176.0, 169.4, 156.5, 
139,2, 130.0. 129.7, 128.3, 127.9, 126.3, 126.1, 104.1, 80.9, 80.5, 78.6, 78.1, 70.3, 
69.5, 65.9, 62.0, 61.1, 51.2, 49.5, 48.8, 48.6, 45.9, 43.3, 42.9, 41.4. 40.2, 40.0, 35.2, 

30 28.2, 22.2. 21.1, 19.7, 19.4, 17.1, 16.8, 15.3, 14.5, 14.1, 10,4; 

Example 5 

Compound of Formula fin^: A=benzvl. B=D=E=gH RLsmethoxv. R 2=hvdropen 

35 5a. Compound (22) (Scheme 10), A=benzyl; 

B=D=E=H. Ri=methoxv. R 2=bcnzQvl: Y=OH 

Compound (8) (Scheme 3; R^=methoxy; R2=benzoyl; from Example 2, 450 mg, 
0.59 mmole) and (S)-2-amino-3-phenyH-propanol (1.97 g, 13.0 mmole, Aldrich) were 
dissolved in 43 mL of acetonitrile and 0.5 mL of water. The reaction mixture was stirred 
40 for 7 days at reaction temperature. The solvent was removed, and the residue was dissolved 
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in ethyl aceuie. The solution was washed with 20% aqueous KH2PO4, water and brine, 
then dried (Na2S04) and filto-cd. The solvent was removed, and the residue dried under 
high vacuum to afford 1.09 g of product This material was purified by chromatography on 
silica geU eluting with hexane to 20% acetone in hexane to give 644 mg of the tide 
5 compound. MSm/z(M+H)+: 851. 

5b. Compound (22) (Scheme 10), A=benzyl; 
B=D=E°H. Rl=methoxv. R2=ben2Qvl: Y^a^ido 

A sample of the compound from step 5a above (617 mg, 0.72 mmole) was dissolved 

10 in 12mL of THF, and triphcnylphosphine (610 mg, 2.33 mmole) was added. This solution 

was cooled to 0*X:, DEAD (0.375 mL. 2.38 mmole) was added dropwise over 3 minutes, 

and the mixture was stiired for 10 minutes. Next was added DPPA (0.5 15 mL, 2,37 

mmole) dropwise over 3 minutes, and the mixture was stirred for 2 hours at 0**C and 48 

hours at reaction temperature. The volatiles were removed under vacuum to leave an oily 

15 residue. The residue was purified by chromatography on silica gel, eluting with hexane to 

30% ethyl acetate in hexane followed by 20% acctcme in hexane to afford 321 mg of the title 

compound. MSm/2(M+H)+: 876. 

5c. Compound (22) (Scheme 10). A=ben2yl; 
20 B°D=E=H, Rl=mcthoxv. R2=hvdrogen! Y=a«dn 

A sample of the compound from step 5b above (3 17 mg, 0.36 mmole) was dissolved 

in 5 mL of methanol, and the mixture was stirred at reflux for 4.5 hours. The solvent was 

renK)ved, the residue was purified by chromatography on silica gel, eluting with 1:1 acetone 

in hexane , and the residue was dried under high vacuum to afford 218 mg of the title 

25 compound. MSm/z(M+H)+: 772. 

Si. Compound f2nUScheme inv A=hen7vh R=r)=F^H P i=methoxv. R2=hvdrogen 

A sample of the compound from step 5c above (208 mg, 0.27 mmole) was dissolved 
in 3 mL of THF and 0.5 mL of water, triphcnylphosphine (425 mg, 1.62 mmole) was 
30 added, and the reaction was stined for 24 hours at reflux. The solvent was removed under 
vacuum, chased with toluene, and the residue dried under high vacuum. The residue was 
purified by chromatography on silica gel, eluting with chloroform containing 1.5% methanol 
and 1% NH4OH to afford 196 mg of the tide compound. MS m/z (M+H)+: 746. 

35 5fiL Compound of Formula (UT): A=ben7v1 R=n=F=H p Wiethoxv. R2=hvdrogen 

A sample of the compound from step 5d above (128 mg, 0.17 mmole) was dissolved 
in 2.3 mL of ethanol and 0.023 mL (0,40 mmole) of acetic acid was added. The reaction 
mixture was stirred at reflux for 48 hours, and the solvent was removed. The residue was 
dissolved in ethyl acetate, and the solution was washed with aqueous K2CO3, water and 

40 brine. The solution was dried (Na2S04), filtered, and the solvent was removed under 
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vacuum to afford 100 mg of a tan compound. The residue was purified by chromatography 
on sUica gel, eluting with chloroform containing 0.6% methanol and 0.5% NH4OH 
progressing to chloroform containing 0.7% methanol and 0.5% NH4OH to afford 52 mg of 
the title compound. MSm/z(M+H)+: 728. 'HNMRCCDCla): 0.86(t, 3H), 1.08(d, 3H). 

5 1.34(d, 3H), 1.37(d, 3H), I.44(s. 3H), I.52(s, 3H). 1.93(m. IH), 2.29(s. 6H), 2.48(m. 
IH). 2.67(dd, IH), 2.86(s. 3H), 3.06(dd, IH), 3.57(m, IH), 3.74(q. IH). 3.86(s. IH), 
4.33(d, IH), 4.39(d. IH), 4.95(dd, IH), 7.18-7.40(m. 5H); '3c nmR (CDCI3): 204.4. 
169.6, 155.8. 138.0, 129.5, 129.3. 128.6, 128.5. 126.5, 103.8, 81.4. 78.8, 77.3, 70.3, 
69.6, 65.9. 57.3, 53.7, 51.2. 50.8, 49.8, 47.4. 42.7. 40.3, 38.5. 35.6. 31.6. 28.2. 22.6, 

10 22.2, 21.2, 20.6. 20.3. 15.4, 14.9. 14.1, 13.4, ll.I. 10.4j 

Example 6 

Compound of Fommla fm); ffohenzvl A=n=.R=H, I^i =methoxv. R2^vdropen 

15 Following the procedures of Example 5, except replacing the (S)-2-amino-3-phenyl. 

1-propanol of step 5a with (R)-2-amino-3-phenyl-l-propanol (1.97 g, 13.0 mmole, 
Aldrich), and carrying the product forward according to the procedures of steps 5b-5e, the 
title compound (83 mg) was prepared. MSm/z(M+H)+: 728. 'H NMR (CDCI3): 0.73(t, 
3H), 1.05(d, 3H). 1.24(d, 3H), 1.29(d, 3H), I.33(s. 3H). I.37(d, 3H). 1.41(s, 3H). 

20 2.26(s, 6H), 2.44(m, IH). 2.68(m, IH), 2.79(s, 3H). 3.18(dd. IH), 3.46(m, IH). 3.60(s, 
IH). 3.71(dd, IH), 3.81(q, IH), 3.94(dd, IH), 4.30(dd, IH), 4.72(dd, IH), 7.10- 
7.38(m. 5H); 13C NMR (CDCI3): 204.4. 180.7, 169.3, 154.5. 138.4, 128.9, 128.8, 
128.6. 128.3. 126.8, 126.2, I25.I. 104.2. 103.7. 81.1, 78.5. 78.3. 78.1, 77.2. 76.2, 
70.3. 69.5, 65.8, 65.7. 62.4, 58.1, 53.6, 51.2. 51.0, 49.4, 47.6, 42.9, 40.2. 38.5. 36.7, 

25 36,0, 31.5, 28.2. 25.2. 22.6, 21.6, 21.1. 19.7. 19.3. 16.2. 15.6. 14.6. 14.3. 14.0. 12.6. 
ll.l, 10.4, 10.2; 

Example 7 

Compound of Formula am- A=E=phenvl R=n=H, R L^thoxv. R2=hvdrogen 

30 

2^ ComPOHnd (19) from Scheme 9: AoE=^h^nvl RoT^H B L =metfaoxv. R2 ^Tr^vl 

Compound (8) (Scheme 3; Rl=methoxy; R2=benzoyl; from Example 2, 400 mg. 
0.52 mmole) and (lS.2S)-U-diphenyM.2-ethylencdiaminc (500 mg, 236 mmole, 
Aldrich) were dissolved in 2 mL of aceionitrilc and 025 mL of water. The reaction mixture 
35 was stirred for 10 days at reaction temperature. The mixture was diluted with methylene 
chloride, the solution was dried over NaCl and Na2S04. filtered, and the solvent was 
removed. The residue (958 mg) was taken directly to the next step , MS (m/z) : 666 
(M+H)*. 
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7b. Compound ( 1 9) from Scheme 9; 

A=E=phenvl. B=D=H, Rl=methoxv. R2=hvdropen 

The compound from step 7a (958 mg) was dissolved in 15 mL of methanol, and the 

solution was heated at reflux for 24 hours. The solvent was removed^ and the residue was 

5 purified by column chromatography on silica gel, eluting with 0 to 5% methanol in 

methylene chloride to afford 340 mg of the title produa as the ClO-epi-isomer. MS (m/z) : 

808 (M+Hr, 'H NMR (300 MHz, CDCI3) : 5 6.90-7.20 (m, lOH), 5.48 (dd, IH), 5.04 

(d, IH), 4.27 (d, IH), 4.23 (d, 2H), 3.93 (q, IH), 3.76 (d. IH), 3.62 (d, IB, HIl), 3.52 

(m, 2H)3.12«3.22 (m, 4H), 3.07 (s, 3H, OMc), 2.75 (dd, IH), 2.75 (m, IH), 2.2-2.5 (m), 

10 2.24 (s, 6H, NMe2), 1.94 (dq, 2H), 1.59 (s, 3H), 1.46 (d. 3H), 1.29 (d, 3H), 1.22 (d, 

3H), 0.90 (t, 3H), 0.84 (d, 3H), 0.73 (d, 3H). ^^C NMR (75 MHz, CDCI3) : 6 214.2, 

205.5, 171.0, 156.3, 143.5, 140.5, 128.0, 128.0, 127.9, 127.2, 126.9, 126.8, 104,1, 

83.5, 78.8, 78.7, 78.2, 77.4, 77.0, 76.6, 70.2, 69.9, 69.3. 67.6, 65.6, 57.9, 51.7, 50.7, 

49.0,48.5, 41.1, 41.0, 40.1, 28.2, 21.2, 21.1, 21.0, 19.3, 18.0, 16.0, 14.4, 10,5, 9.9. 

15 

ISL Compound of Formula fmV. A=E^henvL B=D=H. R l=methQxv. R2=hvdrogen 

Following the procedure of Example 5e, except replacing the compound from 5d 
with the compound from 7b, the tide compound was prepared. MS (m/z) : 790 (M+H)" . 
'^C NMR (125 MHz, CDCI3): selected signals: 5 203.3, 175.7, 169.5, 156.5, 104,1. 

20 

Example 8 

CopipQttnd Pf Fomvla ( m); A^mcthvK B=D=E=hvdrogen. Rl=methoxv. R2 =hvrfrQgen 

8a. Compound (22) from Scheme 10; 
25 A=methvL B=:DaK=R tt Lgmethoxv, R2=rben2Qv]. Y=nH 

Compound (8) (Scheme 3: R^=mcthoxy; R^^benzoyl; from Example 2, 400 mg, 
0.52 mmole) and (S).2-amino-l-propanol (0.200 mL, 2.6 mmole, Aldrich) wctc dissolved 
in 0.9 mL of acctonitrile, O.I mL of water was added, and the reaction was stined for 40 
hours at reaction temperature. The solvent was removed, and the residue was dissolved in 
30 ethyl acetate. The solution was washed with water and brine, dried (Na2S04), filtered, and 
the solvent was removed. The residue was purified by chromatography on silica gel, eluting 
with 20% to 30% acetone in hexane to give 135 mg of the title compound. MS m/z {M+H)+; 
775, 



35 8b. Compound (22) from Scheme 10; A=methyl, 
B=D=E«H, Ri^ethoxv. Ra^benzovl Y=aTirin 

A sample of the compound from step 8a above (277 mg, 0.362 mmole) was 

dissolved in 6 mL of THF. and triphenylphosphine (302 mg, 1. 15 mmole) was added. This 

solution was cooled to 0°C, DEAD (0. 190 mL. 1 .2 1 mmole) was added dropwise over 3 

40 minutes, and the mixture was stmrcd for 10 minutes. Next was added DPPA (0.260 mL, 
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1.21 mmole) dropwise over 3 minutes, and the mixture was stirred for 3 hours at O^'C and 24 
hours at reaction temperature. The volatilcs were removed under vacuum. The residue was 
purified by chromatography on silica gel eiuting with 15% to 20% acetone in hexane, then 
lechromatographcd on silica gel, eiuting with 40% ethyl acetate in hexane to 25% acetone in 
5 hexane, to afford 140 mg of the title compound. MS m/z (M+K)+: 838. 

8c. Compound (22) from Scheme 10: A=methyl, 
g=P=E=H, Ri^methoxv. R2=hvdrogen. YoazidQ 

A sample of the compound from step 8b (133mg, 0.17 mmole) was dissolved in 2 

10 mL of methanol, and the solution was stirred for 4 hours at reflux. The solvent was 

removed under vacuum, and the residue was dried under high vacuum to give a glassy 

residue. The residue was purified by chromatography on silica gel, eiuting with 1 : 1 acetone 

in hexane to 100% acetone to afford the tide compound (98 mg). MS m/z (M+H)+: 696. 

15 8d. Compound (20) from Scheme 10; 

A=tngthyl, B=P=F-H. R^ciho^y, R^tmlraggn 

A sample of die compound from step 8c above (1 85 mg, 0.27 mmole) was dissolved 

in 4 mL of THF, and 2 mL of H2O and triphenylphosphine (425 mg, 1,62 mmole) was 

added This solution was stirred at reaction temperature for 40 hours and at reflux for 24 
20 hours. The volatilcs were removed under vacuum. The residue was purified by 

chromatography on silica gel, eiuting with 3% methanol and 1% NH4OH in chloroform to 

afford die title compound (128 mg), MSnV2(M+H)+: 670. 

Compound of Fomiula f mV A^methvl B«D J^H R i=methoxv. pZ ^faydrogm 

25 A sample of the compound from step 8d above { 1 23 mg, 0. 1 8 mmole) was dissolved 

in 2,6 mL of ethanol and 0.24 mL of acetic acid, the reaction was hea^ at reflux for 24 
hours, then stined at reaction temperature for 48 hours. The solvent was removed under 
vacuum, and die residue was dissolved in ethyl acetate. The solution was washed wirfi 10% 
aqueous K2CO3, water and brine, then dried (Na2S04) and filtered. The solvent was 
30 removed, and re^due was dried under high vacuum. The lesidue was purified by 
chromatogrqjhy on silica gel, eiuting with 0.5% NH4OH and 2% to 3% methanol in 
chloroform to afford the tide compound (38 mg). MSnV2(M+H)+: 652. ^HNMR 
(CDCI3): 0.86 (t, 3H), L04 (d. 3H), 1.21 (d. 3H), 1.24 (d. 3H). 1.50 (s, 3H), 1.87-1.98 
(m, 2H), 2.26 (s, 6H). 2.41-2.50 (m, IH), 2.78 (s, 3H), 3.11^3.23 (m. 3H), 3.51-3.59 
35 (m, IH), 3.76 (dd, IH). 3.76 (s, IH), 3.85 (q, IH), 3.92 (dd, IH), 4.31 (d, IH), 4.37 (d, 
IH), 4.90 (dd, IH); 13c NMR (CDCI3): 204.3, 181.5, 169.6, 155.6. 103.7, 81.3, 78,6, 
77.9, 76.6. 70.3, 69.5, 65.8, 56.5, 53,4, 51.1, 50.6, 47.4, 47.2, 42.6, 40.2, 38,4, 35.5, 
28.U 22.0, 21.2, 20.5, 20.1, 15.8, 15.2, 14.8, 13.2, 10.6, 10.3; High resolution mass 
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spcctnim: calculated (M+H)+ nUz for C34H58N309=652.4173; observed (M+H)+ 
/7i/r=652.4175. 

Example 9 

5 Compound of Fcmtiula (fflV. B=fnethvl. A«D=E=hvdrQpen. R L=methoxv. R2=hvdrogen 

Following the procedures of Exan^lc 8. except with a larger amount of the starting 
compound from Example 2 (1.23 g, 1.6 mmolc) and replacing the (S)-2'amino-l-propanol 
of step 8a with an appropriately larger amount of (R)-2-aminO'l'propanol (1.23 mL, 16.2 

10 nnmole, Aldrich), carrying the product forward as in steps 8b'8c, the tide compound was 
prepared (71 mg). NMR (CDQj): 0.87 (t, 3H), L45 (s, 3H). 1.82-2.01 (dd, 2H), 
2.26 (s. 6H), 2.37-2.51 (m, IH), 2.72 (s, 3H), 3.07 (dd, IH), 3.18 (dd, IH). 3.22-3.36 
(m, IH), 3-47-3.59 (m, IH), 3.61 (s, 1H)» 3.770.91 (m, 2H), 4.25 (d. IH), 4.29 (d, 
IH), 5.01 (dd. IH); I3c NMR (CDCI3): 204.1, 180.7, 169,7. 154.7, 103.8, 80.6, 78.9, 

15 78.5, 76.4, 70.3, 69.6, 65.9, 62.3, 56.6, 53.1, 51.1, 49.3, 47.8, 42.8, 40.2, 38.6, 36.5, 
34.6. 31.5. 28.2, 25.3, 22.6. 21.9, 21.2. 20.7, 19.6, 19.3, 17.1. 15.8, 14.4, 14.1. 12.9, 
1 1.0, 10.3; MS (M+H)+ m/z=652. High resolution mass spectrum: calculated (M+H)+ m/z 
for C34H58N309=652,4173; observed (M+H)+m/z=652.4188. 

20 Example 10 

Compound of Fonnula fim: A=D=methvl: B=E=H. R L=methoxv. R2 =hvdrQpen 

ISi^ — mcso-2.3-bis(methanesui fonvIoxv^butane 

Samples of nicso-2,3-butanediol (10 g, 1 1 1 mmole, Aldrich) and triediylamine (92.8 

25 mU 666 mmole) were dissolved in methylene chloride. The solution was cooled to -78°C, 
and mcdiancsulfonyl chloride (25.8 mL, 333 mmole) was added dropwisc, A precipitate 
formed. The mixture was diluted with additional methylene chloride, and the mixtuie was 
stirred for 20 minutes at -78*'C and at {fC for 2 hours. The reaction mixture was warmed to 
reaction terrq^eratuie. diluted with additional solvent, and washed with H2O, aqueous 

30 NaHCO] and aqueous NaCl. The organic solution was dried over MgS04, and the solvent 
was removed to afford the title compound (25.0 1 g). "H NMR (300 MHz, CDQa) : S 4.91 
(q, 2H). 3.10 (s, 6H), 1.45 (d. 6H). 

mh — meso-2.3-dia2idohutane 

35 A sample of the compound from step 10a (25 g) was dissolved in 250 mL of DMF, 

and NaN3 (40 g) was added. The mixture was stirred vigorously at 85*^ for 24 hours, then 
cooled to reaction temperature. The mixture was diluted wiUi 800 mL of ether, washed with 
H2O, aqueous NaHCOs and aqueous NaCl, then dried over MgS04. The solution was 
filtered and concentrated to afford the title compound (13,00 g). ^H NMR (300 MHz, 

40 CDCI3) : 5 3.50 (m, 2H), 1.30 (d, 6H). 
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ii^SL mesQ-2.3^butanediamine. 

A sample of the compound from step 10b (13.0 g. 125 mmole) was dissolved in 
cthanol and hydrogcnated at 4 atm over 10% Pd/C for 20 hours at reaction temperature. The 
5 catalyst was removed by filtration, and the solvent was removed under vacuum to afford the 
title compound. NMR (300 MHz, CDCI3) : 5 2.70 (m, 2H). L45 (br, 4H), LOS (d, 
6H). MS (m/2) : 89 (M+H)*. 

lOd, Compound (19) from Scheme 9: A=I>=fflftthvlr R«F=H l^ l=methQxv. R^ z^b^nzgyl 
10 A sample of 10, 1 1 -anhydro-2'-0-benzoyl-5-0-desosaminyl-6-0-methyN3-oxo- 

crythronolidc A 12-Oimidazolyl carbamate (from Example 2, 500 mg, 0.651 mmolc) and 
mcso-2,3-butanediamine (500 mg, from step lOd above) were dissolved in 3 mL of 
acetonitrile and 0.3 mL of water, and the reaction was stiircd for 72 hours at reaction 
temperature and 17 hours at reflux. The solution was diluted with methylene chloride, dried 
15 over NaCl and MgS04, and filtered. The solvent was removed, and the residue was taken 
directly to the next step. 

iflfc Compound (20^ from Schem e 9: A=D=methvl: B=E=R Rl =methnxv 

The compound from step lOd above was dissolved in methanol, and the solution was 
20 heated at reflux for 12 hours. The solvent was removed, and the residue was taken directly 
to the next step, MS (m/z) : 684 (M+H)*. 

IQL Compound of Fonnula niTi: A=CK=methvl: B=Er=H, RL^methoxv, R2=hvdropen 

To the material from the previous step, dissolved in methanol, acetic acid was added, 

25 and the reaction mixture was heated at reflux for 24 hours. A solution of NH3 in methanol 
was added, and the solution was concentrated. The residue was dissolved in ethyl acetate, 
and the solution was washed with 1 N NaOH, H2O and brine, then dried over Na2S04. The 
solvent was removed, and the residue was purified on silica gel, during with 10% methanol 
in methylene chloride to 10% methanol (containing NH3) in methylene chloride to affoid the 

30 title con5)ound. This material was rechromatographcd on pH 8 silica gel, eluring with 4: 1 
ethyl acetaterhexanc to 100% ethyl acetate to afford 1 16 mg of the titic compound. The 
NMR analysis confirmed the produa to be the A=D=mcthyl isomer. MS (m/z) : 666 
(M+H)". HRMS Calc. for C35H6oN309: 666.4330; Observed: 666.4326. NMR (300 
MHz, CDCI3) : 5 4.81 (dd, IH), 4.27 (d, IH), 4.22 (d, 2H), 4,05 (m, IH), 3.96 (m, IH), 

35 3.78 (q, IH), 3.65 (s. IH, Hll), 3.48 (m, IH), 3.10 (dd, IH), 3.06 (m, IH), 2,75 (q, 
IH), 2,67 (s, 3H), 2.65 (m, IH), 2.37 (m, 2H), 2.19 (s, 6H), 1.85, 1.49 (m, 2H), 1.59, 
1.15 (m, 2H), 1.55 (m, 2H), 1.42 (s, 3H), 1.27 (d, 3H), 1.27 (s, 3H), 1.25 (d, 2H), 1.24 
(d, 3H), 1.17 (d, 3H), 1.16 (d, 3H). 1.04 (d, 3H), 0.96 (d, 3H), 0.78 (t, 3H). ^'c NMR 
(75 MHz, CDCI3) : 5 204.2, 179.0, 169.5, 155,6, 1 18.8, 103.7, 81,3, 78,6, 77.7, 76.8, 
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70.2, 69.4. 65.8. 56.1. 55.5, 51.9, 51.0. 50.4. 47,0, 42.5, 40.1. 38.4, 35.2, 28.1. 22.3, 
22.0. 21.1, 20.7, 20.1, 15.0, 14.8, 13.1. 11.5, 10.6, 12.2. IR (film) : 3460 (w). 2972, 
1750. 1718 (w), 1647, 1456, 1423, 1372, 1305, 1246, 1163, 1 107, 1051. 989, 757 cm '. 

5 Example 11 

Compound of Formula fim! A=R=nrip.fhvh R»D=H RJ^methoxv. R2=hvrirngftn 

lU. 2S. 3S-hutangdiamiTie 

Following the procedures of Example 10 steps a-c, except substituting (R,R)-2,3- 
10 butanediol ( 1 g, 1 1 . 1 nunole. Aldrich) for the meso-isomer thereof of step 10a, and carrying 
the product forward as in steps 10b and 10c, the tide compound (494 mg) was prepared. 
MS (m/z) : 89 (M+H)*. 'H NMR (300 MHz. CDCl,) : 5 2.62 (m, 2H), 1.45 (br s, 4H), 
1.08 (d. 6H). 

IS ILL — ComoQund (19) from .Sche.m^ 9: A=E=niftThvl: B=D=H Ri =mi^thnxv R2=ben7.Qvl 
A sample of 10,ll-anhydro-2'-0-bcnzoyl-5-0-desosanunyl-6-0-methyl-3-oxo- 
erythronolide A 12.0-imidazolyl carbamate (from Example 2. 1.56 g, 2.03 mmole) and 2S, 
3S-butan6diamine (400 mg, 4.54 mmok. from step 1 la above) were dissolved in 16 mL of 
20% aqueous a<xtonitiile, and the reaction mixture was stirred at reaction temperature for 7 

20 days. The solution was diluted with methylene chloride, dried over NaCl and MgS04, and 
filtered. The solvent was removed, and the residue was taken directly to the next step. 

USU Compound r2n^fmm Rchi^nu^ 9: A=F.=nv>fhvl : B-D=H. Ri =mrthn«y 

The compound frtrni step lib above was dissolved in methanol, and the solution was 
25 heated at reflux for 1 2 hours. The solvent was removed, and die residue was taken directly 
to the next step. 

Hit — Compound of Formula Onv A=E«methvl: B=n=H Ri =methoxv. R2 ^hyrirpegn 
The material from the previous step was dissolved in 20 mL of ethanol, acetic acid 

30 (0.80 mL) was added, and the reaction mixture was heated at reflux for 3 days. NH3/ 
methanol was added, and the solvent was removed. The residue was dissolved in ethyl 
acetate, and the solution was washed with 1 N NaOH, H2O and brine, then dried over 
Na2S04. The solvent was removed, and the residue was purified on neutral silica gel, 
eluting with 4: 1 ethyl acetate:hexane to 5% methanol in ethyl acetate to afloKi 682 mg of the 

35 tide compound. MS (m/z) : 666 (M+H)*. HRMS Calc. for CjsHeoNaO,: 666.4330; 

Observed: 666.4333. 'H NMR (300 MHz. CDCI3): 6 4.85 (dd. IH), 4.35 (d, IH), 4.30 
(d, IH). 4.12 (q, 2H), 3.65 (s to d. IH, J=1.2 Hz), 3.56 (m, IH), 3.46 (br s, IH). 3.21 
(dd, IH). 3.13 (t. IH). 2.86 (q, IH), 2.78 (s. 3H), 2.68 (m, 2H), 2.46 (di. IH). 2.28 (s, 
6H). 1.95 (m, IH), 1.68 (m. 3H). 1.52 (s. 3H), 1.38 (d, 3H). 1.36 (d. 3H0, 1.33 (s, 3H), 

40 1.32 (d, 3H), 1.31 (d. 3H), 1.26 (d. 3H), 1.21 (d. 3H). 1.05 (d, 3H). 0.87 (i, 3H). "C 

•65. 



wo 97/17356 



PCT/US96/165g5 



NMR (75 MHz, CDCI3) : 5 203.9, 177.9, 169.5, 156.4, 103.8, 81.1, 78.5, 78.4, 77.6, 
70.3, 69,5, 65.8, 60.4, 56.9, 52.3, 50.9, 50,6, 47.6, 43.9, 40.2, 39.5, 35.0, 28.1, 21.7, 
21. L 20.8, 20.2, 19.9, 183, 16.3, 15.6, 14.7, 14.1, 13.6, 10.1. 
m (KBr) : 3441, 2972, 2938, 1755, 1117 (w). 1653, 1457, 1425, 1376, 1306, 1248, 
5 1167, 1109, 1053 cm V 

Example 12 

Compound of Formula (HI); B«D«H; 
A and E taken together k .rw^r^^r^.. pl ^methoxv. R2=hvdrogen 

12^ racemic-iranS' 1 .2-cvclnpenr;inpHi|.,^ip^ 

Following the procedures of Example 10 steps a-c, except substituting {DL)-1,2- 
cyclopentanediol (5.0 g, 49.0 mmole, Aldrich) for the diol of step 10a, and carrying the 
product forward as in steps 10b and 10c, the title compound (2.76 g) was prepared. MS 
15 (m/z) : 101 (M+Hf. NMR (300 MHz, CDCI3) : 6 2.75 (m, 2H), 2.00 (m, 2H), 1.65 
(m, 2H), 1.50 (s, 4H), 1.30 (m, 2H). 

1 2b. Compound ( 1 9) from Scheme 9; B=D=H; 

20 Samples of 10, 1 l-anhydro-2^0'benzoyl-5-0-desosaminyl-6'Omethyl-3-oxo- 

erythionolide A 1 2-0-imida2olyl carbamate (fifom Example 2, 200 mg, 0,26 mmole) and 
mcm/c-^ro/u- 1,2-cycIopentanediamine (104 mg, 1.04 mmole, from svep 12a) were 
dissolved in 20% aqueous acctonitrile, and the reaction mixture was stirred at reaction 
temperanu-e for 4 days and at reflux for 8 hours. The solution was diluted with 100 mL of 

25 ethyl acetate, dried over NaCl and MgS04, and filtered. The solvent was removed, and the 
residue was purified by chromatography on silica gel. eluting with 5% to 10% methanol in 
methylene chloride to afford the dUe compound (88 mg). MS (m/z) : 800 (M+H)*. 

1 2c. Compound (20) from Scheme 9; B=I>=H; 
30 A and E taken together is ^r\^jC\^.r\A.. pl^^rfh^^y 

The compound from step 12b above (88 mg) was dissolved in medianol, and the 
solution was heated at reflux for 10 hours. The solvent was removed, and the residue was 
purified by chromatography on silica gel, eluting with 5% methanol in methylene chloride to 
afford the title compound. MS (m/z) : 696 (M+H)*. 

35 

1 2d. Compound of Formula (HI); B=D=H; 

A and E taken together is -CHiCHiCWi- R l==methQxv. R2=hvdropen 

Following the procedure of Example 1 Id the tide compound was prepared. MS 
(nVz) : 678 (M+H)^ 
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Example 13 
Compound of Formula (HI); B=E=H; 
A and P taken together is -CH^^^l^^l^^l^ R i=methoy Y, ^l2ghydrog en 

5 13a. Compound ( 1 9) from Scheme 9; B=E^H; 

A and D taken together is >CH2CH2CH2CH2-. Rl=m€thoxv. R2=ben2Qvl 

Following the procedure of Example 1 1 , step 1 lb, except substituting cis- 1,2- 

cyclohexanediamine (800 mg, 1.04 mmole, Aldrich) for the diamine thereof, the title 

compound was prepared. 

10 

1 3b, Compound of Fonnula (HI); B=E=H; 

A and D t^gn tQggthgr ?s -CH2CH2CH2CH2'. Rl^methoxy, R^tardroggfl 

Following the procedures of Example 1 1 steps c and d, substituting the compound of 
step 13a for the compound of 1 1 b thereof, the title compound was prepared. 
15 NMR (300 MHz, CDCl,) : 6 4.87 (dd, IH), 4.34 (d, IH), 4.31 (d, IH), 4.10 (br s, 
IH), 4.07 (br m, IH), 3-84 (q, IH), 3.70 (s, IH, HI 1), 3,56 (m, IH). 3.22 (dd, IH), 
3.14 (pent, IH), 2.78 (s, 3H, OMe), 2.49 (m, IH), 2.30 (s, 6H), 1.30-2.00 (m), 1.49 (s. 
IH), 1.39 (s, 3H), 1.37 (d, 3H), 1.32 (d, 3H), 1.26 (d, 3H), 1,22 (d, 3H), 1.06 (d, 3H), 
0.85 (t, 3H). 

20 '^C NMR (75 MHz. CDQj) : 5 203.8, 178.1, 169.3, 155.6, 103.7, 81.1, 78.6, 78.1, 

76.64, 70.2, 69.3, 65.7, 56.3. 55.9, 55.8, 51.0, 50.4, 47.4, 42.6, 40.1, 38.2, 35.4, 34.4, 
28.1, 25,2, 25.1, 25.0, 21.9, 21.0, 20.2. 20.1. 19.2, 15.6, 14.7, 12.9, 10.6, 10.2. 
MS (m/z) : 692 (M+H)*. 

25 Example 14 

Compound of Fonnula (mv. A»B=D=E=H RJ Uhvdro^en. R2=hvdrogen 

XM. 2^'0>acetvK6-deoxv-ervthmmvdn /\ 

A sample of 6-deoxyerythromydn A (4,34 g, 6,04 mmole, Abbott Labs) was 

30 dissolved in 250 mL of methylene chloride, and acetic anhydride ( 1 .54 g, 15 mmole) and 
triethylamine (1.22 g, 12 mmole) were added. The reaction mixture was stirred at reaction 
temperature for 16 hours, then poured into 5% aqueous NaHCOs, The mixture was 
extracted with methylene chloride, and the organic layer was dried, filtered and concentrated. 
The residue was chased with toluene, ethylene dichloride, chloroform and methylene 

35 chloride. The residue tiien dried under high vacuum to afford 4.46 g of the tide product, 
which was taken to the next step without further purification, MSm/z(M+H)+; 760. 

ilb. 2'-Q-acetvl-6-deoxv^"-t riethvlsilvl-ervthromvcin ^ 

A sample of the compound from step 1 4a (4.44 g, 5.84 mmole) was dissolved in 
40 100 mL of dry methylene chloride, and imidazole (1.59 g, 23.3 nunolc) was added. The 
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mixture was cooled to O^^C, and a solution of triethylsilyl chloride ( L76 g, 1 17 mmole) in 25 
mL of methylene chloride dropwise. The reaction mixture was stirred for 1 hour at 0®C and 
at reaction temperature for 16 hours. The reaction mixture was poured into 59b aqueous 
NaHC03, and the mixture was extracted with CHQs. The organic extract was washed with 
5 saturated brine, dried over MgS04^ filtered and concwitratcd. The residue was dried under 
high vacuum for 48 hours to afford 5.38 g of the title product, which was taken to the next 
step without further purification. . MS m/z (M+H)+: 874. 

14c. 2'-O-acetyH0. 1 l-anhydro-6-deoxy-4"-tricthylsilyl-crythromycin A 
10 1 2'0-imida2olyl carbamate (Compound (3) from Scheme 5, 
R^hvdrogen. 2^R2=acetvl! 4'->R 2=triethvl&ilvn 

A sample of the compound from step 14b (5.36 g, 6. 13 mmole) was dissolved in 45 

mL of dry DMF, and carbonyldiimidazole (4.98 g, 30 mmole) was added. After the reagent 

had dissolved, the solurion was diluted with 15 mL of THF, and the solution was cooled to 

15 O^'C To this solution was added NaH (807 mg, 60% dispersion, 20.2 mmole) in portions. 
The reaction mixture was stirred for 30 minutes, and 10 mL of H2O was added. The 
reaction niixture was poured into saturated brine, and the resulting mixture was extracted 
with ethyl acetate. The ethyl acetate solution was washed with brine, dried over M gS04, 
filtered and concentrated. The residue was co-distilled with ethylene dichloride, chloroform 

20 and methylene chloride* The residue was dried under high vacuum for 16 hours to afford 
6.95 g of the title product, which was taken to the next step without further purification. MS 
m/z(M+H)+: 986. 

1 4d . Compound (11) from Scheme 5; 
25 A=B=D=E=H: Rl^hvdrogen. 2^R2=acetvh 4"- R2=triethvl5^i1vl 

A sample of the compound from step 14c (6-93 g, 6. 13 mmole) was dissolved in 50 

mL of acetoniuile, ethylene dianune was added (4.3 1 g, 7. 19 mmole), and the solution was 

stirred for 17 hours at reaction temperature. The reaction mixture was poured into saturated 

brine containing NH4OH. This mixture was extracted with chloroform, and the organic 

30 extracts were combined, filtered and concentrated. The residue was cCKiistillcd with 

ethylene dichloride, chloroform and methylene chloride. The residue was dried under high 

vacuum for 72 hours to afford 5.77 g of the title product which was taken to the next step 

without furtiier purification. MSni/2(M+H)+: 924. 

35 14e. Compound (12) from Scheme 5; 

A=B=D=E=H: Rl«hvdrogen. 2^R2=^^R2=hvdr9p^n 

A sample of the compound from step 14d (5.75 g) was dissolved in THF (120 mL) 
and 14.3 mL of tetrabutylammonium fluoride (1 M in THF) was added in one portion. The 
reaction mixture was stirred at reaction temperature for 4 hours, diluted with 400 mL of 
40 methanol, and stirred at reaction temperature for 64 hours. The solution was concentrated 
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and then poured into 5% aqueous NaHCOj containing 0.5% NH4OH. The mixture was 
extracted with CHCI3, the extract was washed with brine, and dried over MgS04. The 
solvent was removed, and the residue was co-distilled with ethylene chloride and methylene 
chloride. The residue was further dried under vacuum for 16 hours to afford the dtle 
5 compound (5.59 g). 

ML Compound of Formula (D: A=B=D=E=H: Rl =hvdrQgen. R2=hvdrogen 

A sample of the compound from step 14e (5.56 g, 7.07 mmole) was dissolved in 60 
mL of ethanoK and acetic acid (637 mg, 106 inmole) was added. The solution was heated at 

10 reflux for 3.5 hours, cooled to reaction temperature, then poured into 5% aqueous NaHC03. 
This mixture was extracted with CHCI3, and the organic extracts were combined, dried over 
MgSQ4, filtered and concentrated. The residue was co-distilled with ethylene dichloride« 
chlorofomi and methylene chloride, then dried under high vacuum for 72 hours to afford 
4. 12 g of the product This material was purified by chromatography on silica gel, eluting 

15 with 1:6 TEArethyl acetate, to afford the title compound (1.29 g). MS m/z (M+H)+: 768. 
iH NMR (CDCI3) 5: 0.88 (m), 2.28 (s), 3.28 (s), 4,23 (m), 4.85 (m), 4.92 (m). ^^C 
NMR (CDCI3) 6: 40.3 (N(CH3)2), 42.8 (NCH2). 49.4 (QCHa), 49.9 (NCH2), 155.8 (O- 
CON). IR(CDCl3): 1755 cm'l. 

20 Example 15 

CompQwnd of Formula qiD: R^ OCH^> R ^=H: a=b=d=H: e^-chiNHj 

15a. 1.2-diazidQ-3-(BOC-aminQlpropanp 

A sample of 3-(BOC-amino)propene (Aldrich, 15.72 g, 0.1 mole), manganese 

25 triacetate (80.43 g, 0.3 mole) and NaN3 (65.0 1 g, 1 .0 mmole) w^e suspended in 400 mL of 
acetic acid, and the mixture was heated at 100*^ for 10 minutes. The mixture was cooled in 
an ice bath and diluted with 400 mL of IN NaOH. Tlic mixture was extracted with ethyl 
acetate, v/hich was washed with 1 N cold NaOH, H2O, NaHC03, brine and dried over 
Na2S04. The solvent was removed, and the residue was chromatographed on silica gel, 

30 eluting with 4: 1 hexancrether to give 7. 1 8 g of the title compound. MS m/z (M+NHj)'^: 
259. 

ISiL 1 2-diaminQ-3-fBQC-aminQVprnpafiff 

The compound of the previous stqj was dissolved in ethanol and hydrogenated (4 
35 aim H2) over Pd/C for 22 hours at reaction ten^raturc. The solvent was removed, and the 
product was taken to the next step. MSnV2(M+H)+: 190. 

159. CgmPQVmd of Fomiula (III): R^OCH^. R^H: A=B=D=H: F=>rH.Nm7 

Following the procedures of Example 3 steps f-h, samples of the compound of 
40 formula (8) (Scheme 3; R l=methoxy; R2»benzoyl: from Example 2, 400 mg, 0.52 mmole) 
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and the compound from step 15b (i.478 g. 7,81 mmol) were reacted and the tide product 
was obtained. Chromatographic separadon of the isomers of the N-BOC compound, 
followed by dcprotection with HCl in ethanol at reaction temperature gives the tide 
compound. MSm/z(M+H)+: 889. 

5 

Example 16 

Cp t^MMd of Formula fin): R^ =QCH^. R ^H: A=B=E=H: n=.rH?NH? 
The compound is obtained by deprotection with HQ in ethanol at reaction 
temperature of the isomer sepazated by chromatography from the mbcture obtained in 
10 Example ISc. 

Example 17 

Compound of Formula (m): r'=0CH3, 
R^H; B=E«H: A and D taken together is ^CH^rH^rH^ 

1 7a. cvclopentane cis- 1 >2-diamin^ 

Following the procedures of Example 10 steps a-c, except substituting cis-1,2- 
cyclopentancdiol for the diol of step 10a, and carrying the product forward as in steps 10b 
and 10c» the title compound is prepared. 

20 

17b. Compound of Formula (in): R=0CH3, 

R^=H: B»E=H: A and D taken tn^eth^r -CU^CU^Cf^y. 

Following the procedures of Example 10 steps d-f, except substituting cw- 1,2- 
cyclopentanediamine, from the previous step, for die meso-2,3-butanediamine thereof, the 
25 tide compound is prepared. 

Example 18 

Compound of Formula (ni): R*=0CH3, 
R^H: B=E=H: A and D taken together is ^CHinCHi- 

30 

IM. tetrahvdrofuran cis-3-4-di amine 

Following the procedures of Example 10 steps a-c, except substituting 1,4- 
anhydroeiythritol for the diol of step 10a, and carrying the product forward as in steps 10b 
and 10c, the title compound is prepared. 

35 

1 8b. Compound of Formula (III): 

R-^=OCH3. R^H: B=E=H: A a nd D taken together is -CH2QCH:>- 

FoUowing the procedures of Example 10 steps d-f, except substimting 
tetrahydroftiran cis-3,4-diamine, from the previous step, for the meso-2,3-butanediamine of 
40 step lOd, the tide compound is prepared. 
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Example 19 
Compound of Formula (m): R=C)CH3, 

B^E=H; A an<> P t^gn tPgcthcr is -CH2-NH-CH;j- 

5 19a, cis-3,4-diamino>pvrrQlidin€ 

Pyrollinc (Aldrich) is N-protccted by treatment with 
benzyloxycarbonyloxysuccinimide in ethyl acetate at reaction temperature. The N-Cbz- 
pyrroline is oxidized with catalytic OSO4 and excess N-methylmoipholine N-oxide (NNMO) 
in THF and i-butanol according to the procedure of Tetrahedron Lett., 1976: 1973 to give 

10 the N-Cbz-pyrroline-3,4-diol. Following the procedures of Example 10 steps a-c, except 
substituting N-Cbz-pyrrolinc-3,4-diol for the diol of step 10a, and carrying the product 
forward as in steps 10b and 10c, the title compound is prepared, 

1 9b. Compound of Formula (III): 
15 R^=OCH^, R^=H: B=E«H: A and D taken tnppt her is >CH2.NH^rH% 

Following the procedures of Example 10 steps d-f, except substituting ciS'3,4- 

diamino-( 1-Cbz-pyiTolidine), from the previous step, for the meso-2^3-butanedianune of 

step lOdt the title conq}ound is prepared. 

20 Example 20 

Compound of Formula (HI): R =OCH3, 
R^=H; B=E=H: A and D taken together is -rH^^NfrhT^^PH^ 

Starting with the Compound of Formula (IH): R =QCH2, R^=H; B=E=H; A and D 

taken together is -CHi^NH'-CHi-, from Example 19 above, adding the Cbz group by 

25 treatment with bcnzyloxycarbonyloxysuccinimide in ediyl acetate at reaction temperature, the 

title compound is prepared. 

Example 21 

Compound of Formula (ni): R'=0CH3, 
30 £^H; B=E=H; A and D taken together 15; -C Hi^Nrhen^vl VCH^^ 

Starting witii the Compound of Formula (lU): R^=OCH3, R^=H; B=E=H; A and D 

taken together is -CH2-NH-CH2-, from Exanq>le 19 above, reacting the amine of the -CHi- 

NH-CH2- group with ben^l chloride in the presence of iriethylamine, the title compound is 

prepared. 

35 

Example 22 

Compound of Formula (III): R^=0CH3, 
R^H; B=E=H: A and D taken together k ^rH2-N(hen7nvIvrH% 
Starting with the Compound of Formula (ID): R'=0CH3, R^=H; B=E=H; A and D 
40 taken together is -CH2-NH-CH2-, from Example 19 above, reacting die amine of the •CH2- 
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NH-CH2- group with benzoyl chloride in the presence of triethylamine* the title compound is 
prepared. 

Example 23 

5 Compound of Formula (HI): R*=0CH3, 

R ^=H; B=E=H: A and D taken toi?ether is >CHi>WphenvUCH2>CH3.VrH% 

Starting with the Compound of Formula (HI): R^=0CH3, R =H; B=E=H; A and D 

taken together is -CH2-NH-CH2-, from Example 19 above, reacting the amine of the -CHl- 

NH-CH2- group with 2-phenylcthyl bromide in the presence of tricthylaminc, the title 

10 compound is prepared. 

Example 24 

Compound of Formula (HI): r'=0CH3, 
R^^H; B=E=H: A and D taken together -CH2^Nf4^ri.phenv1-rH%V('ff7- 

15 Starting with the Compound of Formula (III): R =OCH3, R =H; B=E=H: A and D 

taken together is -CH2-NH-CH2-, from Example 19 above, reacting the amine of the -CH2- 

NH-CH2- group with 4-chlorobcnzyl chloride in the presence of triethylamine, the tide 

compound is prepared. 

20 Example 25 

Compound of Formula (HI): R =0CH3, 
R^=H: B=E=H: A and D taken together is -CH2-Nr4-ovridvl-CH2^VCH2- 

Staning with the Compound of Formula (EI): r'=OCH3, R^=H; B=E=H; A and D 

taken together is -CH2-NH-CH2-, from Example 19 above, reacting the amine of die -CH2- 

25 NH-Ob- group witfi 4-picolyl chloride in the presence of triediylamine, the tide compound 

is prepared. 

Example 26 

Compound of Formula (III): R^=0CH3, 
30 R^=H: B=E=H: A and D i^k^n together \^ •CHo -l4(2-pvTidvhCHjA-CH7- 

Starting with the Compound of Formula (HI): R'=0CH3, R^=H; B=E=H; A and D 

taken together is -CH2-NH-CH2-, from Example 19 above, reacting Ae amine of the 'CH2- 

NH-CH2- group with 2-picolyl chloride in the presence of triethylamine, the title compound 

is prepared. 

35 

Example 27 

Compoundof Formula (HI): R'=0CH3, 
R^=H: B=E=H! A and D takftn together i<; - CH2>NHr3^nvridvl-CH2-VCH2^ 

Starting with the Compound of Formula (ID): R^=OCH3, R^^H; B=E=H; A and D 

40 taken together is •CH2-NH-CH2-, from Example 19 above, reacting the amine of the -CH2- 
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NH-CH2- group with 3-picolyl chloride in the presence of triethyUunine, the title compound 
is prepared. 

Example 28 

Compound of Formula (III): R'=0CH3, 
R^=H: B=E=H: A and D taken toget her is ■CH2-Nf^uinolvl>CH2-VCH2- 

Starting with the Compound of Formula (HI): R*=0CH3» R^=H; B=E=H; A and D 
taken together is -CH2-NH-CH2-, from Example 19 above, leacting the amine of the -CH2- 
NH-CH2- group with 4-chloromethylquinoline in the presence of criethylamine, the title 
compound is prepared. 

Example 29 

CgmPQUHd of Formula 010: R^ ^CH^. R ^=H: B=E=H: A=D=.CH2.(VrH:>-phenyl 

29a. PhCH2QCH2CHfNH2irHrNH?->rH.r>rH.Ph 

Mcso-cryihriiol (Aldrich) is 1 ,4^benzylaied by reaction with NaH and benzyl 
bromide in DMF according to the procedure of El Amin et ai, J. Org, Chem. M:3442, 
(1979), Following ite procedures of Example 10 steps a-c, except substituting 1,4- 
dibenzyl-mcso^rythritol for the diol of step 10a, and carrying the product forward as in 
steps 10b and 10c, the title compound is prepared. 

29b. Compound of Formula (ID); 

R^^QCHi;. R^=H: B=E=H: A=n=>rH2.n.rH%ph^nvi 

Following the procedures of Example 10 steps d-f. except substituting 
FhCH20CH2CH(NH2)CH(NH2)CH20CH2Ph, from the previous step, for the meso-23- 
butanediamine of step lOd, the titie compound is prepared 

Example 30 

Compound of Formula rmv R^^QCHi R ^«H: B=E=H: A=D=.rH^.nH 
Starting with the Compound of Formula an): R =OCH3, R^=H; B=E=H; A=D=- 
CH2-OCH2-phenyl, from Example 29 above, removing the benzyl groins by 
hydrogenation over Pd/C, the title compound is prepared. 

Example 31 

Compound F ormnlri R^ Hi^R ^Hi b=e=h: A=r^cH2-n-nh^v! 
Starting with the Compound of Formula (III): R^=OCH3. R^=H; B=E=H; A=D=- 
CH2-OH. from Example 30 above, reacting the -CH2-OH groups (of substiments A and D) 
with phenol, triphenylphosphine and DEAD under Mitsunobu conditions the title confound 
is prepared. 
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Example 32 

Compound of Formula (III): R*=0CH3, 
R^=H; A=B=H; D and E takrn together is -rH^- CH2-CH2^CH2^ 

Following the procedures of Example 3 except substituting 1 -amino- 1-cyclo- 
pcntancmcthanol (Aldrich) for the 2-(R).amino-3-phenyH-propanol thereof, the title 
compound is obtained. 

Example 33 

Compound of Formula (m): R^OCHs, 
R ^=H; A and B taken together is -CH2>rH?-CH?.CH2-: r)=F=H 

Following the procedures of Example 5, except replacing the (S)-2-amino-3-phenyl- 
1-propanol of step 5a with 1 -amino- 1-cyclopenianemeihanol (Aldrich), the tide compound is 
obtained. 

Example 34 

Compound of Formula (III): R^=OCH3, 
R^^H; A=B=H: D and F rakrn together i5s -rH^-O-TH.. 

— 3'amino-3-aminomethvIoxetane 

A sample of tris(hydroxymethyl)methylamine (Aldrich) is reacted with di-t- 
butyldicarbonate and triethylamine to give N-BOC-tris(hydroxymethyl)methylaminc, This 
compound is reacted with 1 equivalent of methanesulfonyl chloride and triethylamine to give 
3-(BOC-aniino)-3-hydroxymcthyloxetane. This compound is converted to the title 
compound acx:ording to the procedures of Example 3 steps b-c. 

34b. Compound of Formula (in): R=C)CH3, 

R^=H: A=B^H: D and E take n together is -CH2-Q-CH2- 

Following the procedures of Example 3 steps f-h except substimting the compound 
from step 34a for the (R)-3-phenyl- 1 .2-propanedianunc thereof, the tide compound is 
obtained. 

Example 35 

CpmPQtind gf Formula (ITT): R^=QCH:^^^=H: A=D=E=H: B=> CH2>CH2-nhenvl 
FoUowing the procedures of Example 5, except replacing the (S)-2-amino-3-phenyl- 
1-propanol of step 5a with D-homophenylalaninol (prepared by LiAlH4 reduction of the D- 
homophenylalanine available firom Aldrich), the title compound is obtained. 
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Example 36 

Compound of Formula fin>: R^QCHi^. R^H: A=D=EoH: B=-rHi- CH2^CH2^phenvl 

2^ — 2-atVamino>5-Dhenvlpentannic acid 
5 (±)-2-Amino-5-phenylpemanoic add (35 g, firom Example 40a) was suspended in 

water (3 L) and solubilized by adjusting the pH to 12 with 7 N NaOH solution. The pH was 
readjusted to pH 8 with 1 M phosphoric acid while stiiring at 45^C. The solution was cooled 
to 40^C. and L-amino acid oxidase (Sigma, 0 J unit/mg) was added. The reaction was 
stirred with good aeration for 2 weeks. The reaction mixture was concentrated to 500 inL 
10 under vacuum, the pH was adjusted to 5, and the precipitate was collected. The material was 
recrystallized from cthanol-water to afford 17.32 g of the title compound), 

Mb. 2-fRVamino -S-Dhenvlpentanol 

The compound from step 36a is reduced with LiAlHa under standard concfitions to 
15 give the title compound. 

36c. Compound of Formula (HI): 

Following the procedures of Example 5, except replacing the (S)-2-amino-3-phenyl- 
20 1 -propanol of step 5a with the 2-(R)-anuno-5-phenylpentanol from step 36b, the title 
compound is obtained. 

Example 37 

CompOTnd of Formula OTT)- R^WlCHi. R^H: A=D=E«H: B=-rH%n -CH2-nhenvl 

25 

32a^ l-N-rCBZV2>^ SVdiaminn^^^O-bcn2vlprQpane 

N-BOC-Obenzyl-D-serine (Bachem) is reduced under the reaction conditions 
described by Kotokos, Symhesis, 299-301 (1990) to give the N-BOC-O-benzyl^D-scrinol. 
This compound is treated according to the procedures of Example lOa-c to give the 
30 corresponding amine. The amine is converted to the benzyloxycarbonyl (CBZ) derivative, 
and the BOC group is removed to give the title compound. 

37b, Compound of Formula (HI): 

R^^QCH^^H: A«P=&=H: B=.rH%0,rH.,nhenvl 

35 Following the procedures of Example 10 steps d-f, except substituting the material 

from the previous step, for the meso-2,3-butanediamine of step lOd, the title compound is 
prepared. 
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Example 38 

Compound of Formula (HI): r'=OCH3» 
&^H; A=D=E=H: B=>CH2-CH2-(4-OCH3-nhenvl^- 

5 iSSL — D-homo-0>TnethvltvroRinnl 

D-Homo-O-methyltyrosine (prepared according to the procedure of Melillo et al., 7. 
Org. Chem., 52:5149-5150 (1987)) is reduced with LiAlH4 under standard conditions to 
give the title compound. 

10 38b. Compound of Formula (ID): 

R^=QCH-^^^=H: A=D=E=H: B=-CH2-CH2>r4.nrH^-phPnyl ^ 

Following the procedures of Exan5)le 5, except replacing the (S)-2-amino-3-phenyl- 

1-propanol of step 5a with the compound of step 38a, the tide compound is obtained. 

13 Example 39 

Co muQund of Formula (in); R^ ^OCH^, R ^Ht A=-CH2-rH?-T^henvi: b=d=e=h 
FbUowing the procedures of Exan^le 5, except subsdmting L-homophenylalaninol 
(prepared by Li AIH4 reduction of the L-homophenylalanine (Aldiich) confound) for the 
(S)-2-amino-3-phenyl-l-propanol of step 5a , the title compound is obtained. 

20 

Example 40 

Compound of Formula (Ul): R^=OCH^. R^=H: A^rH2-rH^-CH2>phgiivi> b..d==r=h 

^ — f±V2-Amino-S-Dhenvlp&ntannic arfH 

25 Diethyl acetamidomalonate (220 g) in 1 L of absolute ethanol was added to a sdned 

solution of sodium ethoxide in ethanol, prepared by dissolving sodium (24 g) in absolute 
ethanol (500 mL), under nitrogen. The reaction mixture was refluxed under nitrogen for 30 
minutes, then l-bromo-3-phenylpropanc (200g) was added. The reaction mixture was 
refluxed overnight, cooled to ambient temperature, filtered, and the solvent was removed 

30 under vacuum. Concentrated HCI (800 mL) was added to the residue, and the reaction 
mixture was refluxed for 14 hours. The cooled aqueous solution was washed with ether, 
and the residual ether in the aqueous phase was removed by bubbling niffogen through the 
solution. The pH of the aqueous phase was adjusted to pH 7-8 by the addition of 
ammonium hydroxide. The tide compound was collected by filtration, air dried and 

35 reciystallized from ethanol- water (1 50 g)m.p.255-257''C. MS m/z: 194(M+H)+ 

^ (±V 2-amino-5-Dhenvipentanol 

The compound from step 40a is reduced with LiAlHU under standard conditions to 
give the tide compound. 
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40c. Compound of Formula (III): 

R^CH^. R^H: A=-CH2-CH2^rH2-phenvl: B=D=E=H 

Following the procedures of Example 5« except replacing the (S)'2-aniino-3-ph^yl- 
1-propanol of step Sa with the (±)- 2-ainino-S-phenylpentanol from step 40b, and separating 
the isomers by chromatography the title compound is obtained. 

Example 41 

Cqmpoupd of Formula fin): R^OCH^ . R ^=H: A=-CH>0-CH2-Dhenvl : B=D=E=H 
Following the procedures of Example 37, except substituting the N-BOC-Obenzyl- 
L-serine (Sigma) for the N-BOC-O-benzyl-D-serine thereof the title compound is prepared. 

Example 42 

Compound of Formula (ID): R^=OCH3, 
R^=H: B=D=R=.H: A=-rHvr.H2^f4.nrH^>phenvn 

L-homo-Q-methv1tvmsTnnl 

L-Homo-O-methyltyrosine (prepared according to the procedure of Melillo etai., J. 
Org. Chem., 52:5 149-5 1 50 (1987)) is reduced with Li AIH4 under standard conditions to 
give the title compound. 

42b. Compound of Formula (HI): 

R^^OCHy R^H: B=D=E=H> A.^CHl-CHiW4-OrH^-ph^ny|) 

Following the procedures of Example 5, except replacing the (S)-2-amino-3-phenyl- 
1 -propanol of step 5a with the compound of step 42a, the title compound is obtained. 

Example 43 

ContPPrnd of FonnulainDL^^ CHj, R ^=H: A=B=D=H: E=-CH2CH2Fh 
Following the procedures of Example 3 except replacing die 2-(R)-amino-3-phenyl- 
1-propanol of step 3a thereof with L-homo-phenylalaninol (prepared by LiAlHj reduction 
under standard conditions of the L-homo-phenylalanine compound available from Aldzich) 
the title compound is prepared. 

Example 44 

ComPQiPid of Formula (III): R^ CH^. R ^H: a^b=e=H: D=-rH?rH^Ph 
Following the procedures of Example 3 except replacing die 2-(R)-amino-3-phenyI- 
1 -propanol of step 3a thereof widi D-homo-phenylalaninoI (prepared by LiAlH4 leduction 
under standaid conditions of the D-homo-phenylalanine compound available from Aldrich) 
the tide compound is prepared. 
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Example 45 

ComPQtfnd of Formula OTT)' R^=OCH^. R^H: A=B:rD=H: F^^CmCHomiPh 
Following the procedures of Example 3 except replacing the 2-(R)-amino-3-phcnyl- 
l-propanol of step 3a thereof with (±)- 2-amino-5-phenylpentanol (prepared in Example 
5 40b) and separating the desired isomer by chromatography the title compound is prepared. 

Example 46 

Cpm p o ypd of Formula mn- R^ ^Hi, r ^H: a=b=e=H! n^-cmcHiCRiPh 

Following the procedures of Example 3 except replacing the 2-(R)-amino-3-phenyI' 
10 1-propanol of step 3a thereof with 2-(R)-amino-5-phcnylpcntanol (prepared in Example 
36b) the title compound is prepared. 

Example 47 

^ ^ Compound of Formula am RUOCH3. Rl^H : A=.CH2CH20Ph: B=D«E=H 

42i — N-g-Boc-L-homo-serine faenzvl i^qipt 

The title compound is prepared from N-a-Boc-L-aspartic acid a-benzyi ester, ethyl 
chloroformate, N-mcthylmorpholinc and sodium borohydride in tetrahydrofuran and 
medianol according to the procedures described by Kokotos, Synthesis, (1990): 299-301. 

20 

42b, — 4-Phcnoxv-2-f$VBoc-aminobutvric acid henzvl ester 

A solution of N-a-Boc-L-homo-scrinc benzyl ester, phenol and triphcnylphosphine 
in THF is treated with diethylazodicaiboxylatc (DEAD) at 0 **C. After being stirred at 
reaction temperature for 2 hours, the reaction is worked up and product purified by silica gel 
25 chromatography, (cf. Organic Reactions, Vol 42, John Wiley & Son, Inc, 1992). 

42£. 4'Phenoxv-2-fS)-BQC-ami nobutane>Unl 

Lithium aluminum hydride is added into a stirred solution of 4-phenoxy-2-(S)-Boc- 
aminobutyiic acid benzyl ester, from step 47b, in THF at 0 "^C. The reaction mixture is 
30 heated to reflux for 0.5 hour and cooled to ice-cold temperature. Water, equal weight to the 
lithium aluminum hydride used, is added and stirred at reaction temperature overnight. The 
reaction is diluted with ethyl acetate and dried over sodium sulfate. AftCT filtration and 
removal of solvent in vacuo, the product is purified by silica gel chromatography. 

35 424 4-phcnoxv-2-f S Vaminobutanff- 1 -n1 

The amino protecting group of 4-phenoxy-2-(S)-Boc-aminobutane-l-ol from step 
47c is removed by trcauncni of the protected compound with hydrogen chloride in dioxanc. 
(cf. T. W. Greene and P. G. M. Wuts: Protective Groups in Organic Synthesis. 2nd ed„ 
John Wiley and Son, 1991, pp 309-315.) 
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47c. Compound (22) Scheme 10: 

R^^QQiaL&^=Bz; A=-CH2rH2^0Ph; P = P = E = H ; Y = O H 

The title confound is prepared from4-phenoxy-2-(S>aminobutanc-l-ol and 
compound (8) in aqueous acetonitrilc according to the procedures described in Example 5. 

47f. Compound (2 0) Scheme 10: R^CH^: A=-CH2CH2-OPh: B=D=E:=.H 

The title compound is prepared from the compound of step 47d according to the 
procedures described in Example 5. 

10 4Zg» — Compound of Formula (m^ Rl=OCH2. R2«H: A=-CH2CH20Ph: B=D=E=H 

The title confound of Example 47 is prepared from the con^und of 47f according 
to the procedures described in Example S. 

Example 48 

15 Compound of Formula mn Rlzr^ffll. F^="; A^rH2rH2NHCb2: B=n=F^H 

N-a-(SVBoc -N--)^Cbz>2.4- diaminnbutvTic acid benzvl ester 

I>iphenylphosphoiyl azide is added into a solution of N-a-(S)-Boc-L-glutamic acid a 
-benzyl ester in THFand the resulting solution is refluxed for 2 hours. Benzyl alcohol is 
20 added and the reaction mixture is refluxed for an additional hour. The product is purified by 
silica gel chromatography. 

4SiL N-g-fSVBoc ■N>v-Cbz^2 4 ^iamino-butane^Uol 

Lithium aluminum hydride is added into a stirred solution of N-a-(S)-Boc -N-y-Cbz- 
25 diaminobutyric acid benzyl ester, from step 48a, in THF at 0 ^'C The reaction mixture is 
heated to reflux for 0.5 hour and cooled to ice-cold temperature. Water, equal weight to the 
lithium aluminum hydride used, is added and stirred at reaction temperature overnight. The 
reaction is diluted with ethyl acetate and dried over sodium sulfate. After filtration and 
removal of solvent in vacuo, the product is purified by silica gel chromatography. 

^ 2-fSM-N-Cbz^iaminfv I -hnfann| 

The amino protecting group of N-a-(S)-Boc -N-y-Cbz-2,4-diamino- butane- l-ol 
from step 48b is removed by treatment of the protected compound witii hydrogen chloride in 
dioxanc according to literature method, (cf, T* W, Greene and P. G, M. Wuts: Protective 
35 Groups in Organic Syntfiesis. 2nd ed., John Wiley and Son, 1991, pp 309-315.) 

48d. Compound (22) Scheme 10: 

R^^QCHiLA^=Br. A=>CH2CH2>NHrhzr R=n=F^H> v=nH 

The tiUc compound is prq)ared from 2-(S)-anuno-4-N-Y-Cbz-dianuno-butane-l-ol, 
40 from siq) 48c, and compound (8) from Schanc 3 in aqueous acetonitrilc according to the 
procedures described in Example 5. 
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48c, ConiPOwnd (20) Scheme 10- R^=OCH^: A^cmrm. NHCh7^ B=D=F=H 

The title compound is prepared from the compound of step 48d according to the 
procedures described in Example 5. 

4SL Compound of Formula am R1=nrF^^, B7=ff; A ^-CH2CH2NHChz: B=D=E=H 

The title compound is prepared from the compound of step 48e according to the 
procedures described in Exan^le 5. 

Example 48- A 

Compound of Fonnula fim R l^nrR ^. R2=H: A=-CH2CH2NH2: R=n=F=H 
The title compound is prepared from the compound of Example 48 and hydrogen in 
the presence of Pd-C in ethanol. 

Example 49 

Compound of Fomiula fim RloOrH^ R2=H: A=-rH2C02B7Jr n=n=F=H 

42a, 4-hvdr0XV-3-N-(SVBoc-amin nbutVTic acid benzvl ^^tt ^ ^ 

The title compound is prepared from N-a-Boc-L-aspartic acid ^benzyl ester, ethyl 
chlOTofoimate, N-methylmorpholine and sodium borohydride in tetrahydrofuran and 
methanol according to the procedures described by Kokotos, Synthesis, (1990): 299-301. 

4atL 4>hvdroxv-3-(SVaminohii tvric acid benzvl ester 

The amino protecting group of 4-hydroxy-3-N-(S)-Boc-aminobutyric acid benzyl 
ester, from stqi 49a, is removed by treatmrat of the protected compound with hydrogen 
chloride in dioxane according to literature method,(cf . T. W. Greene and P. G. M. Wuts: 
Protective Groups in Organic Synthesis, 2nd ed., John Wiley and Son, 1991, pp 309-315.) 

49c. Compound (22) Scheme 10: 

R^CHy R^=Bz: A=-CH2m2R7 l: B=D=E=Hi Y=OH 

The title compound is prepared from 4-hydroxy-3-(S)-aminobutyric acid benzyl 
ester» from step 49b and compound (8) of Scheme 3 in aqueous acetonitrile according to the 
procedures described in Example 5. 

49d. Compo und (20) Scheme 10: R-^=OC% A=-CH2m2Bzl: B=D=E»H 

The title compound is prepared fix)m the compound of step 49c according to the 
procedures described in Example 5. 
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49c. Compound of Formula fim R l=OCHj. R2=H: A=.CH2C02Bzl: B=D=E=H 

The title comp<Hmd is prepared from compound from the compound of step 49d 
according to the procedures described in Example 5. 

Example 49-A 

Compound of Formula Om Rl=OCH:;. R2=H: A^cm cOOH: B=D=F=H 
The tide compound is prepared from the confound of Example 49 and hydrogen in 
the presence of Pd-C in ethanol. 

Example 49-B 

Formula fllD R1=QCH^. R2 «H: A=>CH2CH20H: B=1>=E=H 
The title compound is prepared from the title compound of Example 49-A, ethyl 
chlorofOTTiatc, N-methylmorpholinc and sodium borohydride in teffahydrofuran and 
mcdianol according to the procedures described by Kokotos, Synthesis. (1990): 299-301. 

Example 50 

CotTOQUnd Qf Formula fni) Rl=OCH^. R7-H- A=-CH2rH2NHa M>vridvn: B^D=E=H 

The title compound is prepared from the compound of Example 48- A, 4- 
chloropyridine, and CuO or CuBr-K2C03 healed at 70-90 X overnight The reaction 
mixnire is partitioned between ethyl acetate and water The organic phase is washed once 
with dilute hydrochloric acid followed by saturated sodium bicarbonate. The product is 
purified by silica gel chromatography. 

Example 51 

Cpmpo und Qf Formula fTTD: R^ MXHj. r ^oH: a=b=d=H: E=>rH70H 

il^ l.2-diaminQ-3-prQpanol 

Allyl acetate (Aldrich) is reacted with manganese triacetate, sodium azide and acetic 
acid. The resulting compound is ffcaied with NaHCOa and methanol followed by 
hydrogenation to give the title compound. 

5 \ b. CQippound of Fonnula ffTTl; R^ H^, R ^=H: A=B=D=H: E=^CH2QH 

Following the procedures of Example 3 steps f-h, except substituting K2-diamino-3- 
propanol from the previous step, for the 1 , 2-(R)-diamino-3-phenylpropane thereof, the title 
compound is prepared, and the diastereomers aie separated by chromatography. 

Example 52 

Compound of Formula Onv R^OCHr R ^=H: A=B^E=H: D=-CH2QH 
The compound is sqjarated from the diastereomeric mixture of Example 5 lb by 
chromatography. 
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Example 53 

Compound of Fonnula f R^CH2- R ^H: A=B=E=H: D=-CH2NHBm2Qvl 
The compound is prq)aml from the compound of Example 16 by treatment with 
benzoyl chloride and TEA. 

Example 54 

Compound of Fommla ait): R^=OCH^. R^H: A=B=E=.H: D=. CH2NHBenzvl 
The compound is prepared from the compound of Example 16 by treatment with 
bcnzaldehyde, NaCNBHs and acetic acid in methanol at reaction temperature. 

Example 55 

Compound of Formula m): R^OCH R^=H: A=B=D=H: E=^CH2NHBenzovl 
The compound is {n-epaied from the compound of Example 15 by treatment with 
benzoyl chloride and TEA, 

Example 56 

Compound of Formula miY R^=QCHi. R ^H: A=B=D=H: E^-CHlNHBenzvl 
The compound is prepared from the compound of Example 15 by treatment with 
brazaldehyde, NaCNBHs and acetic acid in methanol at reaction temperature. 

Example 57 

Compound of Formula mP: R^^QCH^. R^H: B=D=H: A=F ^-CH2QCH2r4.n.phenv1--i 

52a. — flR.RVf^-VL4- bi5-0-f4-chlQrnbenzvn-2,3-butanediamine 

Following the procedure of Example 10 steps a-c, replacing die meso-2,3-butancdiol 
thereof with (RJl)-(+)-U4- bis-0-(4-chlorobenzyl)-D-threitol (Aldrich) the title compound is 
obtained. 

57b. Compound of Formula (HI): 

R^CH^. R^H: B:.D=H: A=R=-CH2QrH2M.n>phenvM 

Following the procedures of Example 10 steps d-f, replacing the mcso-2,3- 
butanediamine of step d thereof widi the diamine from step 57a, the title compound is 
prepared. 

Example 58 

Compound of Formula f IB): R-^OCH3. R^=H: A=B=E^H: D=- CH2>NfCH2VBenzvl 
The title compound is prepared by treating the compound of Example 54 with 
HCHOt NaCNBH3 and acetic acid in methanol at reaction temperature. 
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Example 59 

Compound of Formula (10): R^OCH3. R^=H: A=B»D«H: E=-CH2^NrCH2)-Benzvl 
The title compound i$ prepared by treaong the compound of Exair^le 56 with 
HCHO, NaCNBHs and acetic acid in methanol at reaction temperature. 

5 

Example 60 

Compound of Formula m): R^oOCH3. R^=H: A=B=D=H: E=-CH2>NH^phenvl 
The title compound is prepared by treating the compound of Example 5 1 with 
thphenyi phosphine, DEAD and aniline under Mitsunobu conditions. 

10 

Example 61 

Compottnd of Formula m): R^=OCH3. R^Hi A=B=E=H: D=-CHi-NH.nhi^iivi 
The title compound is prepared by treating the compound of Example 52 with 
triphenyl phosphine, DEAD and aniline under Mitsunobu conditions. 

15 

Example 62 

fn Yitro Amy Qf An^banerial Activiiy 

Representative compounds of the present invention were assayed in vitro for 
antibacterial activity as follows: Twelve petri dishes containing successive aqueous dilutions 

20 of die test compound mixed with 10 mL of sterilized Brain Heart Infusion (BHI) agar (Difco 
04 1 8-0 1 -5) were prepared. Each plate was inoculated with 1 : 1 00 (or 1 : 1 0 for slow-growing 
strains, such as Micrococcus and Streptococcus) dilutions of up to 32 different 
microorganisms, using a Steers replicator block. The inoculated plates were incubated at 35- 
37 ®C for 20 to 24 hours. In addition, a control plate, using BHI agar containing no test 

25 compound, was prq)ared and incubated at the beginning and end of each test 

An additional plate containing a compound having known suscq)tilHlity patterns for 
the organisms being tested and belonging to the same anubiodc class as the test compound 
was also prepared and incubated as a further control, as well as to provide test-to*test 
comparability. Erythromycin A was used for this purpose. 

30 After incubation, each plate was visually inspected. The minimum inhibiicHy 

concentration (MIC) was defined as the lowest concentration of drug yielding no growth, a 
slight haze, or sparsely isolated colonies on the inoculum spot as con^ared to the growth 
control. The results of this assay, shown below in Table 2 demonstrate die antibacterial 
activity of the compounds of the inventim. 
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Table 2 

Antibacterial Activity fMICs^ of Selected Compounds 



MICROORGANISM 

STAPHYLOCOCCUS AUREUS ATCC 6538P 
STAPHYLOCOCCUS AUREUS A5177 
STAPHYLOCOCCUS AUREUS A-5278 
STAPHYLOCOCCUS AUREUS CMX 642A 
STAPHYLOCOCCUS AUREUS NCTC10649M 
STAPHYLOCOCCUS AUREUS CMX 553 
STAPHYLOCOCCUS AUREUS 1775 
STAPHYLOCOCCUS EPIDERMIDIS 3519 
ENTEROCOCCUS FAECIUM ATCC 8043 
STREPTOCOCCUS BOVIS A-5169 
STREPTOCOCCUS AGALACTIAE CMX 508 
STREPTOCOCCUS PYOGENES EES61 
STREPTOCOCCUS PYOGENES 930 
STREPTOCOCCUS PYOGENES PIU 2548 
MICROCOCCUS LUTEUS ATCC 9341 
MICROCOCCUS LUTEUS ATCC 4698 
ESCHERICHIA COLI JUHL 
ESCHERICHIA COLISS 
ESCHERICHIA COLI DC-2 
ESCHERICHIA COLI H560 
ESCHERICHIA COLI KNK 437 
ENTEROBACTER AEROGENES ATCC 13048 
KLEBSIELLA PNEUMONIAE ATCC 8045 
PROVIDENCL\ STUARTII CMX 640 
PSEUDOMONAS AERUGINOSA BMHIO 
PSEUDOMONAS AERUGINOSA 5007 
PSEUDOMONAS AERUGINOSA K799AVT 
PSEUDOMONAS AERUGINOSA K799/61 
PSEUDOMONAS CEPACIA 2961 
ACINETOBACTERCALCOACETJCUS CMX 669 
PSEUDOMONAS AERUGINOSA DPHD-5263 
PSEUDOMONAS AERUGINOSA DPHD-2862 
CANDIDA ALBICANS CCH442 
MYCOBACTERIUM SMEGMATIS ATCC 1 14 



Ery A Cmpd of Cmpd of 

fRef. std) Ex 1 Ex 3 

0.2 6.2 0.39 

6,2 6.2 0.39 

>100 >100 >100 

0.39 6.2 039 

0.2 6.2 0.39 

0.2 6,2 0.39 

>100 >100 >100 

039 lis 0.39 

0.05 0.78 0.05 

0.05 0.39 0.02 

0.05 0.39 0.01 

0,05 0.39 0.01 

>100 >100 100 

6.2 0.78 na 

0.02 0,39 0.1 

0.2 0.39 0.39 

100 na >100 

0.2 na na 

>100 0.78 >100 

25 50 >100 

50 25 >100 

100 >100 >100 

100 >100 >100 

>100 100 >100 

>100 >100 >100 

>100 >100 >100 

50 >100 >100 

0.78 >100 3.1 

>100 12,5 >100 

6.2 >100 >100 

>100 50 >100 

>100 >100 >100 

>100 >100 >100 

0.02 3.1 >100 
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Table 2 

Antibacterial Activity ^MICs) of Selected Compounds 



MICROORGANISM 

STAraYLOCOCXrUS AUREUS ATCC 6538P 
STAPHYLOCOCCUS AUREUS A5177 
STAPHYLOCOCCUS AUREUS A-5278 
STAMYLOCOCCUS AUREUS CMX 642A 
STAPHYLOCOCCUS AUREUS NCTC10649M 
STAPHYLOCOCCUS AUREUS CMX 553 
STAPHYLOCOCCUS AUREUS 1775 
STAPHYLOCOCCUS EPIDERMIDIS 3519 
ENTEROCOCCUS FAECIUM ATCC 8043 
STREPTOCOCCUS BOVIS A-5169 
STREPTOCOCCUS AGALACTIAE CMX 508 
STREPTOCOCCUS PYOGENES EES61 
STREPTOCOCCUS PYOGENES 930 
STREPTOCOCCUS PYOGENES PIU 2548 
MICROCOCCUS LUTEUS ATCC 9341 
MICROCOCCUS LUTEUS ATCC 4698 
ESCHERICHIA COU JUHL 
ESCHERICHIA COLl SS 
ESCHERICHIA COLI DC-2 
ESCHERICHIA COLI H560 
ESCHERICHIA COLI KNK 437 
ENTEROBACTER AEROGENES ATCC 13048 
KLEBSIELLA PNEUMONIAE ATCC 8045 
reOVIDENCL\ STUARTn CMX 640 
PSEUDOMONAS AERUGINOSA BMHIO 
PSEUDOMONAS AERUGINOSA 5007 
PSEUDOMONAS AERUGINOSA K799/WT 
PSEUDOMONAS AERUGINOSA K799/61 
PSEUDOMONAS CEPACL\ 2961 
ACINETOB ACIER CALCOACETICUS CMX 669 
PSEUDOMONAS AERUGINOSA DPHD-5263 
PSEUDOMONAS AERUGINOSA DPHD'2862 
CANDIDA ALBICANS CCH442 
MYCOBACTERIUM SMEGMATIS ATCC 1 14 



Cmpd of Cmpd of Cmpd of 



A 

ttX 4 




KX o 


n 1 


A 1 


A 

0.75 


u.z 


A AC 


A TQ 


>1UU 


1 AA 
>1UU 


>10U 


U./o 


A 1 
U.l 


A 1Q 

U./o 


U./o 


A 1 

U.l 


A IQ 


U./o 


A 1 


A TO 

U.7B 


>luU 


>IU0 


>100 


0,7 b 


0.1 


0.78 


0«1 


A 1 

0.1 


0.78 


U.U2 


0,01 


A 1 

0.1 


0.005 


0.02 


0.1 




A A1 


A t 

0.1 




>1UU 


>.1 AA 


na 


A IQ 


A 19 

U./o 


A 1 

U. 1 


A Al 

u,uz 


I.5d 


0,39 


A 1 

u.l 


1.56 


w t AA 


12.5 


AAA 
100 


na 


A A^ 

U.U2 


A 


lAA 


12.5 


CA 

50 




1 1 
^.1 


23 


>IUU 


0.2 


lAA 
lUU 


1 Ah 
lUU 


12.5 


1 AA 

lUU 


-s.! AA 

>11jU 


12.5 


1 AA 
lUU 


>100 


100 


>100 


>100 


50 


100 


>100 


100 


>100 


>100 


25 


100 


1J6 


0.39 


na 


>L00 


50 


>100 


25 


12.5 


25 


>100 


12.5 


>100 


>100 


100 


>100 


100 


>I00 


>I00 


na 


na 


6.2 
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Table 2 



Antibacterial Acrivitv (MlCs) of Selected romnminrts 




MICROORGANISM 




^mpa oi 


Cmpd of 


Ex 9 


Ex 10 


C»A A A 


STAPHYLOCOCCUS AUREUS ATCC 6538P 


0.39 


039 


0 39 


STAPHYLOCOCCUS AUREUS A5177 


0.39 


na 


0.39 


STAPHYLOCOCCUS AUREUS A.5278 


>100 


>100 


>100 


STAPHYLOCOCCUS AUREUS CMX 642A 


0.39 


0.39 


0.39 


STAPHYLOCOCCUS AUREUS NCTC10649M 


0.2 


0.39 


0 39 


STAPHYLOCOCCUS AUREUS CMX 553 


0.39 


039 


0 39 

V.J 7 


STAPHYLOCOCCUS AUREUS 1775 


>100 


>100 




STAPHYLOCOCCUS EPIDERMIDIS 3519 


0.39 


0.39 


0.39 


ENTEROCOCCUS FAECIUM ATCC 8043 


0.05 


na 


0 1 


STREPTOCOCCUS BOVIS A-5ie9 


na 


0.05 


0.01 


STREPTOCOCCUS AGALACTIAE CMX 508 


0.01 


na 




STREPTOCOCCUS PYOGENES EES61 


0.01 


na 




STREPTOCOCCUS PYOGENES 930 


>100 


>100 


>I00 


STREPTOCOCCUS PYOGENES PIU 2548 


0.39 


0.39 


0,39 


MICROCOCCUS LUTEUS ATCC 9341 


0.1 


0,1 


0.2 


MICROCOCCUS LUTEUS ATCC 4698 


0.39 


0.2 


0.39 


ESCHERICHIA COLI JUHL 


na 


25 


25 


ESCHERICHIA COLISS 


na 


0.2 


0.39 


ESCHERICHIA COLI DC-2 


25 


25 


25 


ESCHERICHIA COLI H560 


25 


25 


6.2 


ESCHERICHIA COLI KNK 437 


100 


na 


25 


ENTEROBACTER AEROGENES ATCC 13048 


25 


50 


25 


KLEBSIELLA PNEUMONIAE ATCC 8045 


25 


na 


12,5 


PROVIDENCIA STUARTII CMX 640 


>100 


>100 


>100 


PSEUDOMONAS AERUGINOSA BMHIO 


100 


>100 


>100 


PSEUDOMONAS AERUGINOSA 5007 


>100 


>100 


>100 


PSEUDOMONAS AERUGINOSA K799/WT 


100 


na 


>100 


PSEUDOMONAS AERUGINOSA K799/61 


6.2 


na 


na 


PSEUDOMONAS CEPAQA 2961 


>100 


100 


>100 


ACINETOB ACTER CALCOACETICUS CMX 669 


12.5 


25 


6.2 


PSEUDOMONAS AERUGINOSA DPHD-5263 


>100 


>100 


>100 


PSEUDOMONAS AERUGINOSA DPHD-2862 


>100 


>100 


>100 


CANDIDA ALBICANS CCH 442 


>100 


>100 


>100 


MYCOBACTERIUM SMEGMATIS ATCC 1 14 


3.1 


6.2 


6,2 
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1 . A compound selected from the group having the fonnulas: 



(I) 




(D) 




m 




;and 
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(IV) O 

* 

as well as the pharmaccudcally acceptable salts and estars thereof wherein: 

A, B, D and E aie indcpendendy selected from the group consisting of: 
(a) hydrogen; 

^ C^) Ci-C6-alky 1 , optionally substituted with one or more subsrituents 

selected from the group consisting of: 

(i) aryl; 

(ii) substituted-aryl; 

(iii) heteroaryl; 

10 (iv) substitutcd-hcteioaryl; 

(v) hetnocycloalkyl; 

(vi) hydroxy; 

(vii) Ci-Ce-alkoxy; 

(viii) halogen consisting of Br, CI, F or I; and 

1 5 (ix) NR3r4, where R3 and arc independentf y selected from 

hydrogen and Ci^Qs-alkyK or R3 and are taken with the nitrogen atom to which they are 
conneacd to form a 3- to 7-membcred ring optionally containing a helcro function consisting 
of -0-. -N(Ci-C6-alkyl-)-, -N(aryUCi-C6>alIq^l-)-, -N(substitutcd-aryl-Ci-C6-alkyl-)- 
, -NCheteroaryl-Ci-Cg-alkyl-)-, -N(substitutcd-heteroaryl-Ci-C6-aikyl-)-, -S- or -S(0)n-. 

20 wherein n is I or 2; 

(c) C3-C7H:ycloalkyl; 

(d) aiyl; 

(e) substituted^aryl; 

(f) heteroaryl; 

25 (g) substituied-heteroaryl; 

(h) hetcrocycloalkyl; 

and 

(i) a group selected from option (b) above funher substituted with -M- 
R5, wherein M is selected from the group consisting of: 

30 (aa) -C(0)-NH-; 
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(bb) -NH-CCO)- 
(cc) -NH- 
(dd) -N(CH3)- 
(ee) 

35 (ff) •S(0)n-, wherein n is 0. 1 or 2; and 

(gg) •C(=NH)-NH.; 
and is selected from the group consisting of: 

(aaa) Ci-Q-^U^I. optionally substituted with a substituent selected 
from the group consisting of: 
40 (i) aiyl: 

(ii) substituted-aryl; 

(iii) heteroaryl: and 

(iv) subsdtuted-heteroaryl; 
(bbb) aiyl; 

45 (ccc) substituted-aiyl; 

(ddd) h^roaryl; 

(eee) substituted-hcteroaiyl; and 

(fff) heterocydoallsyl; 

or 

50 any one pair of substituents, consisting of AB, AD, AE, BD, BE or DE, is taken 

together with the atom or atoms to which they are attached to form a 3- to 7-membered ring 
optionally containing a hetero function consisting of 

•0-, 

-NH-, 

55 -NCCi-Ce-alkyl-)-, 

-N(aryl-Ci-C6-alkyl-)-, 
-N(substituted-aryl-Ci-C6-aIkyl-)-, 
-N(heteroaryl-Ci -C6-alkyJ-)-, 

-N(substituicd-hetcroaryl-Ci-C6"alkyl-)-, 
60 -S- or -S(0)n-, wherein n is 1 or 2; 

-C(0)-NHs 

-C(0)-NR5-, wherein R5 is as described above; 
•NH-QO)-; 

-NR5-C(0)-, wherein R5 is as described above; and 
65 -C(=NH).hfHs 

R^ is selected from the group consisting of: 

(a) hydrogen; 

(b) hydroxy; 
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(c) 


-0-Ci-C3-aIkyl; 


70 


(d) 


-0-C3-C5-cydoalkyl; 




(e) 


-0-Ci-C3-alkyl-C3-C5-cycloalkyl; 




(f) 


-0-C(0)-Ci-C3-alkyl; 




(g) 


-O-C(0)-O-Ci-C3-alkyl; and 




(h) 


-aC(0)-NH-Ci-C3-aIkyl; 


75 


is hydrogen or a hydroxy-prolecting group; and 



Z is hydroxy or protccted-hydroxy; 
with the provisos that when the compound is of Formulas (I) or (HI) then A, B, D, and E 
may not all be hydrogen, D and E may not be Ci-C3-aikyl when A and B are hydrogen, nor 
may one of D and E be hydrogen and the other be Ci-C3-alkyl when A and B are hydrogen. 

2. A compound according to Claim 1 having the fomiula: 
D CH3 




CH3 

H3C 0CH3 



, wherein A, B« D, E, and 



R1-R5 arc as described therein. 

3 . A compound according to Claim I having the fomiula: 

NM62 




, wherein A, B, D, E, R^-R^ 



and Z are as described therein. 



wo 97/17356 PCT/USWI6S85 
4. A compound according to Claim 1 having the fomiula: 




CH3 



o 



, wherein A, B, D, £, and 
R1-R5 are as described therein. 

5 . A compound according to Claim I having the f omuila: 

£ 0 9H3 




CH3 ^ ^CHa 
O 



R1-R5 arc as described therein. 



, wherein A, D, E, and 



6. A compound according to Qaim 4 wherein R^ is hydrogen, hydroxy 
or mcthoxy, R^ is hydrogen, and A, B, D, E and R^-R^ are as described therein. 

7 . A compound according to Qaim 6 wherein R* is hydrogen or 
methoxy, R2 is hydrogen, and any three of the A, B, D and E groups arc hydrogen and the 
other group is selected from a singly substituted C]-C6-aikyl group comprised of 
-(CH2)mR^ where m= 1 , 2, 3 or 4 and R6 is: 

5 (a) aryl; 

(b) substituted^aiyl; 

(c) heteroaryl; 

(d) subsdtuted-heteroaryl; 

(e) hetcawycloalkyi; 
10 (f) hydroxy; 

(g) Ci-C6-alkoxy 
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(h) NR3r4 where R3 and are indepcndendy selected from hydrogen 
and Ci-Q-alkyI, or R3 and R^ are taken wiA the nitrogen atom to which they arc connected 
to form a 3- to 7-membered ring optionally containing a hetcro function consisting of 

15 "NH-. -N(Ci-C6-alkyN)-, -N(aryl-Ci-C6-alkyJ-)-, -N(substituted-aryI-Ci-C6<alkyl-)-, 
-N(heteroaryl-Ci-C6-alkyl-)-, -N(subsututed-heteroaryUCi-C6-alkyl-)-. -S- or -S(0)n-, 
wherein n is 1 or 2; 

(i) halogen consisting of Br, CI, F or I; 
(j) C1-C3 alkyl; or 

20 (k) -(CH2)r M-(CH2)s-R^ wherein r=0, 1 or 2; s=0, 1 or 2 and M is 

(aa) -C(0>NHs 

(bb) -NH-C(O).; 

(cc) -NH- 

(dd) -N(CH3)- 
25 (cc) -O- 

(rr) -S (O)n-, wherein n is 0» 1 or 2; and 

(gg) -C(=NH)-NH-; 
and R7 is selected from the group consisting of: 

(aaa) Ci-Cs-alkyl, 
30 (bbb) aryl; 

(ccc) substituted-aryl; 

(ddd) heteroaryl; and 

(ecc) substituted-heteroaryL 

8. A conqjoimd according to Claim 7 wherein R^ is hydrogen or 
methoxy. is hydrogen, B=E=H, and A and D taken together is selected from the group 
consisting of: 

(a) -CH2-Z-CH2-, wherein Z is 
5 (aa) -C(0)-NH-; 

(bb) -C(0)-NR5-, wherein R5 is selected from the group consisting 

of: 

(aaa) Ci-Q-alkyl, optionally substituted with a subsrituent 
selected from the group consisting of: 

>0 (i) aryl; 

(ii) subsututed-aiyl; 
Qn) heteroaryl; and 
(iv) substimted-hetcroaryl; 
(bbb) aryl; 

15 (ccc) substituted-aiyl; 
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(ddd) heteroaryl; 
(eee) substituted-heteroaryl; and 
(fff) heterocycloalkyl; 
(cc) -NH-C(OK 

(dd) -NR5-C(0)-. wherein R5 is as defined above: 
(ee) -NH- 
(m -N(CH3)- 
(gg) -0- 

(hh) -S(0)n-, wherein n is 0. 1 or 2; and 
(ii) -C(=NH)-NH-; 

(b) -CH2-N(-(CH2)s-R')-CH2-, wherein s=0,l or 2, and R7 is selected from the 
group consisting of: 

(aaa) Ci-Ca-alkyK 
(bbb) aiyl; 
(ccc) substituted-aryl; 
(ddd) hettfoaryl; and 
(eee) substituted-heteroaiyl; 

(c) -CH2-N(.(CH2)rM-(CH2)s-R')-CH2-. wherein r=0,l or 2; s=0, 1 or 2, and 
M and R^ are as defined above; and 

(d) -CH2-(CH2)rCH2-. wherein r=0, 1 or 2. 

9 . A compound according to Qaim 1 which is: 
Compound of Fonnula (IV); Rl=m«hoxy; R2=hydrogen; A=B=D=E=hydrogen; 
Compound of Formula (Dl), A=B=E=H, D=ben2yl, Rl=medioxy. R2=hydrogen; 
Compound of Formula (HI), A=B=D=H, E=benzyl, Rl=methoxy, R2=hydrogen; 
Compound of Formula (ID); A=benzyl. B=D=E=H, Rl=methoxy, R2=hydrogen; 
Compound of Formula (ni); B=benzyl, A=D=E=H. Rl=methoxy, R2=hydrogen; 
Compound of Formula (III); A=E=phcnyl, B=D=H, Rl=methoxy, R2=hydrogen; 
Compound of Formula (01); A=mediyl, B=D=E=H. Rl=methoxy, R2=hydrogen; 
Compound of Formula (111); B=meihyl. A=D=E=H. R>=m6thoxy. R2=hydrogen; 
Compound of Formula (ffl); A=D»methyl: B=E=H, Rl=methoxy. R2=hydrogen; 
Compound of Formula (III); A=E=methyl; B=D=H, Rl=methoxy. R2=hydrogen ; 
Compound of Formula (III): B=D=H; A and E taken together is -CH2CH2CH2-, 
Rl=methoxy, R2=hydrogcn; 

Compound of Formula (HD; B=E=H; A and D taken together is -CH2CH2CH2CH2-, 
R^=nicthoxy, R2=hydrogen ; 

Compound of Formula (I); A=B=D=E=hydrogen; Rl=hydrogen, R2=hydrogen; 
Compound of Formula (IB): R'=0CH3. R^=H; A=B=D=H; E=-CH2NH2; 
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Compound of Fonnula (ffl): R'=0CH3, R'=H; A=B=E=H; D=-CH2NH2: 
Compound of Formula (TO): R'=0CH3, R^=H; B=E=H; A and D taken togedier is 
20 -CH2CH2CH2-: 

Compound of Formula (IH): R'=0CH3, R^=H; B=E=H; A and D taken together is 

-CH2OCH2-; 

Compound of Formula (HI): r'=0CH3, R-=H; B=E=H; A and D taken together is 
-CH2-NH-CH2S 

25 Compound of Formula (Dl): R '=OCH3. R'=H; B=E»H; A and D taken together is 

.CH2-N{Cbz)-CH2-: 

Compound of Formula (ID): R'=0CH3. R^=H; B=E=H; A and D taken together is 
-CH2-N(bcnzyl)-CH2-; 

Compound of Fonnula (HI): R'=0CH3. R^=H; B-E-H; A and D taken together is 

30 -CH2-N(bcnzoyl)-CH2-; 

Compound of Formula (HI): R -0CH3. R^=H: B=E=H; A and D taken together is 
-CH2-N(phenyl-CH2-CH2-)-CH2-; 

Compound of Formula (HI): R'=0CH3, R^=H: B=E=H; A and D taken together is 
-CH2-N(4-Cl-phenyl-CH2.)-CH2-; 
35 Con^und of Formula (IB): R '=0CH3, R^=H: B=E=H: A and D taken together is 

-CH2-N(4-pyridyl-CH2-)-CH2-; 

Compound of Formula (ffl): R'=0CH3. R'=H; B=E=H; A and D taken togedier is 
-CH2-N(2-pyridyl-CH2-)-CH2-; 

Compound of Formula (HI): R'=0CH3. R^=H; B=E=H: A and D taken together is 
40 -CH2-N(3-pyTidyl-CH2-)-CH2-; 

Compound of Formula (Dl): r'=0CH3. R^^H; B=E=H; A and D taken togedier is 
-CH2-N(4-quinolyl-CH2-)-CH2-; 

Compound of Formula (ffl): R'=0CH3. R-=H; B=E=H; A=D=-CH2-0-CH2- 

phenyl; 

45 Compound of Fonnula (ffl): R'=0CH3. R^=H: B=E=H; A=D=-CH2-0H; 

Compound of Fonnula (ffl): R'=0CH3, R^=H; B-E-H; A=D-CH2-0-phenyl; 

Compound of Fonnnla (ffl): r'=0CH3, R^«H; A=B=H; D and E taken together is 
-CH2-CH2-CH2-CH2-; 

Compound of Fonnula (HI): r'=0CH3, R^=H; A and B taken togedier is 
SO -CH2-CH2-CH2-CH2-; D=E=H; 

Compound of Fonnula (ffl): r'=0CH3, R^=H; A=B=H; D and E taken together is 
-CH2-O-CH2-; 

Compound of Formula (ffl): R'=0CH3. R^=H; A=D=E=H; B»-CH2-CH2-phenyl ; 
Compound of Formula (ffl): r'=0CH3, R^=H; A=D=E=H; B=- 
55 CH2-CH2-CH2-phenyl ; 
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Compound of Fomiula (HI): R'»0CH3, R^»H; A*D=EoH; B=- 
CH2-0-CH2-phenyl ; 

Compound of Formula (HI): R'=0CH3. R^=H; A"D-E=H; B- 
CH2-CH2-(4-OCH3-phenyl ); 
60 Compound of Formula (HI); R'=0CH3, R^=H; A=-CH2-CH2-phenyl; B=D=E=H ; 

Compound of Formula (IH): r'=0CH3, R^=H; A=-CH2-CH2-CH2-phcnyl; 
B=D=E=H ; 

Compound of Formula (DI): R'=0CH3, R^-Hj A=.CH2.0-CH2-phenyl ; 
B-DsE»H ; 

65 Compound of Formula (III): R'=0ai3, R^-H; B=D=E=H; A=- 

CH2-CH2-(4-OCH3-phenyl); 

Compound of Formula (III): R'=0CH3. R^=H; A=B=D=H; E=-ai2-CH2-Ph; 
Compound of Formula (ID): R'=0CH3. R^»H; A=B=E=H; D=-CH2-CH2-Ph; 
Compound of Formula (HI): R'=0CH3. R*=H; A=B=D=H; E=- 
70 CH2-CH2-CH2-Ph; 

Compound of Formula (HI): r'=0CH3, R^=H: A=B=E=H: D=- 
CH2-CH2-CH2-Ph; 

Compound of Formula (III): r'=0CH3, R^=H; A=. CH2-CH2-OPii; B=D=E=H; 
Compound of Formula (III): R'=0CH3. R^=H; A=- CH2-CH2-NHCbz: 
75 B=D=E=H: 

Compound of Formula an) R1=0CH3, R2=H; A=-CH2-CH2-NH2; B=D=E=H; 
Compound of Formula (ID): R'=0CH3. R^=H; A=- CH2-C02Benzyl; B=D=E=H; 
Compound of Formula (III) RU0CH3, R2=H; A=-CH2-C00H; B=D=E=H: 
Compound of Fomiula (ni) RI=0CH3. R2=H; A=-CH2-CH2-OH; B=D=E=H; 
80 Compound of Formula (HI): R'=0CH3. R^=H; A=- CH2-CH2-NH(4-Pyridyl-); 

B=D=E=H 

Compound of Formula (in): r'=0CH3. R^=H; A=B=D=H: E«»-CH2-0H; 
Compound of Formula (HI): R'««0CH3. R^=H; A=B=&=H: D=-CH2-0H: 
Compound of Formula (III): r'=0CH3, R^=H; A=B=E=H; D=-CH2-NHBenzoyl; 
85 Compound of Formula (lU): R =0CH3. R^=H; A=B=E=H; D=-CH2-NHBenzyl; 

Compound of Formula (DI): R =0CH3. R^=H; A=B=D=H,- E=-ai2-NHBenzoyl; 
Compound of Formula (III): R'=0CH3, R^=H; A=B=D=H; E=-CH2-NHBenzyl; 
Compound of Formula (lU): R'=0CH3, R^eH; B=D=H; A=E=-CH20CH2(4-C1- 
phenyl): 

90 Compound of Formula (DI): r'=0CH3. R*=H; A=B=E=H; D»-CH2-N(CH3)- 

Benzyl; 

Compound of Formula (ffl): R'=0CH3, R^=H: A=B=D=H; E=-CH2-N(CH3)- 

Benzyl; 
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Compound of Formula (01): R'0CH3, R^=H: A=B=D=H; E=-CH2-NH-phenyi; 

95 or 

Compound of Formula (HI): R =0CH3, R^=H; A=B=E=H; D«.CH2-NH-phenyl. 

10. A compound according to Claim 1 which is: 

Compound of Formula (TV); Rl=methoxy; R2=hydrogcn; A=B=I>=E=hydrogcn; 

Compound of Formula (HI), A=rB=E=H, D=benzyl, R^^methoxy, R2=hydrogcn; 

Compound of Formula (ID), A=B=D=H, E=benzyl, Rl=mcthoxy, R2=hydrogen; 
5 Compound of Formula (ffl); A=bcnzyl, B=D=E=H, Rl=methoxy, R2=hydrogcn; 

Compound of Formula (ffl); B=benzyl, A«D=E=H. Rl=mcthoxy, R2=hydrogen; 

Compound of Formula (HI); A=E=9henyl, B=D=H, Rl=methoxy, R2=hydrogcn; 

Compound of Formula (HI); A=methyl. B=D=E=H, Rl=methoxy, R2«hydrogcn; 

Compound of Formula (III); B=mcdiyl, A=D=E=H, Ri^mcthoxy, R2=hydrogcn; 
10 Compound of Formula (HI); A=D=mcthyl; B=E=H, Rl=methoxy, R2=hydrogen; 

Compound of Formula (HI); A=E=methyl; B=D=H, Rl=mcthoxy, R2=hydrogen ; 

Compound of Formula (in); B=D=H; A and E taken together is -CH2CH2CH2% 
Rl=methoxy, R^hydrogen; 

Compound of Formula (HI); B=E=H; A and D taken together is -CH2CH2CH2CH2-. 
15 Rl=mcthoxy, R^hydrogcn ; or 

Compound of Formula (I); A=B=:D»E=hydrogen; Rl=hydrogen, R2=hydrogen. 

11. A pharmaceutical composition comprising a therapeutically effective 
amount of a compound according to any of Claims 1 through 8 in combination with a 
phaimaceuticaUy acceptable carrier. 

12. A method for controlling a bacterial infection in a mammal comprising 
administering to an animal a therapeutically-effecdve pharmaceutical composition containing 
a compound according to any of Claims 1 through 8. 
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.(IV), 
wherein 

A, B, D and E arc independently selected from the group consisting of: 
5 (a) hydrogen; 

(b) Ci-C6-alkyl, as defined below, optionally substituted with one or 
more substituents selected from the group consisting of ; 

(i) aryl, as defined below; 
Cii) substituted-aryL as defined below; 
10 (iii) heteroaryl, as defined below; 

(iv) substitutcd-hetcroaryl, as defined below; 

(v) heterocycloalkyl, as defined below; 

(vi) hydroxy; 

(vii) Ci-C6-alkoxy, as defined below; 

15 (viii) halogen consisting of Br, CI, F or I; and 

(k) NR3r4, where R3 and are independently selected from 
hydrogen and Ci-Q-alkyl, or R3 and R^ arc taken with the nitrogen atom to which they are 
connected to form a 3- to 7-mcmbered ring optionally containing a hetero function consisting 
of -0-, -NH-, -N(C|-C6-alkyl.)-, -N(aryl-Ci-C6-alkyl-)-, -N(substitutcd-aryl-Ci-C6-alkyl- 

20 -N(hctcroaryl-Ci-C6-alkyl-)-, -N(substitutcd-hctcroaryl-Ci-C6-alkyl-)-, -S- or -S(0)n-, 
wherein n is 1 or 2; 

(c) C3-C7-cycloalkyl; 

(d) aiyl; 

(e) substitutcd-aryl; 
25 (f) heteroaryl; 

(g) substituted-heteroaryl; 

(h) heterocycloalkyl; 
and 

(i) a group selected from option (b) above further substituted with -M- 
30 R5, wherein M is selected from the group consisting of 

(aa) -C(0)-NH.; 
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(bb) -NH-C(O)-; 

(cc) -NH- 

(dd) -N(CH3)- 
35 (ce) -O. 

(rr) -S(0)n*, wherein n is 0« 1 or 2; and 

(gg) -C(=NH)-NH-; 
and is selected from the group consisting of. 

(aaa) Ci.C6-alkyl, optionally substituted with a substituent selected 
40 from the group consisting of: 

(i) aryl; 

(ii) substituted-aryl; 

(iii) heteroaryl; and 

(iv) subsdtuted-heteroaryl; 
45 (bbb) aiyl; 

(ccc) substituted-aryl; 
(ddd) heteroaryl; 
(eee) substituted-heteroaiyl; and 
(Iff) heierocycloalkyl; 

50 or 

any one pair of substitucnts, consisting of AB. AD. AE, BD, BE or DE, is taken 
together with the atom or atoms to which they are attached to form a 3- to 7-membered ring 
optionally containing a hetero function consisting of 

55 -NH-, 

-N(Ci-C6-alkyl-)-, 

•N(aryl-Ci.C6-alkyl.)-, 

-N(substituted-aryl-Ci -C6-allcyl-)-, 

-N(heteroaryl-Ci-C6-alkyl.)% 
60 -N{substituted-hcteroajyl-Ci-C6'alkyl-K 

-S- or -S(0)n-, wherein n is I or 2; 

-C(0)-NH-; 

-C(0)-NR5-, wherein is as described above; 
-NH-C(0)-; 

65 -NR5.C(0)-, wherein R5 is as described above; and 

-C(»NH)-NH-; 
Rl is selected from the group consisting of: 

(a) hydrogen; 

(b) hydroxy; 
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(c) 


-0-Ci-C3-alkyl: 




(d) 


-0-C3-C5-cycloalkyl; 




(c) 


-0-Ci-C3-alkyI-C3.C5-cycloalkyl; 




(f) 


-0-C(0)-Ci-C3-alfcyl; 




(g) 


-O-C(0)-0-Ci-C3-alkyl; and 


75 


(h) 


-aC(0)-NH-Ci-C3-alkyl; 




R2 is hydrogen 


or a hydroxy-protccting group, as defined below; and 



Z is hydroxy or protccted-hydroxy; 
except when the compound is of Formulas ffi or (III) then A, B, D, and E may not all be 
hydrogen, D and E may not be Ci-Cs-alkyI when A and B are hydrogen, nor may one of D 
80 and E be hydrogen and the other be Ci-Cs-alkyl when A and B arc hydrogen; 
the method comprising: 

(a) treating a compound having the formula: 




, or 
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, respectively, 

wherein RMs as described above and is a hydroxy-protecting group, with a base, and 
followed by reaction with carbonyldiiniidazolc, in an aprotic solvent, at a reaction 
85 temperature from -20^C to TO^'C, for a period from 0.5 hours to 10 days, to prepare first 
intermediate compounds having the formulas: 




CHs 



Hfi OCH, 





,or 
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, respectively; 
wherein and arc as described above; 

(b) reacting said first intermediate compounds with a compound having 

the formula: 

90 wherein A, B, D, and E arc as described above, to give the bicyclic second intermediate 
compounds having the fomiulas: 




CH, 




NMe» 



CHi 
OCbz 
CH3 




O 
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, re5pectively; 
wherein and are as described above; 

(c) dcprotecting said second intennediate compounds by treatment with 
methanol or ethanol when OR^ is an ester or with fluoride in THF or acctonitrile when R^ is 
95 a irialkylsilyl group, for from 1 to 24 hours, to give the third intermediate compounds: 



CHs 
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respectively; and 

(d) cyclizing said diiid intermediate compounds by treatnient with dilute 
acid, in an organic solvent, for a period of from 4 hours to 10 days to give the desired 
compounds (0, (H), (HI) or (IV) above. 

14. A process according to Claim 13 wherein: 
in step (a) the aprotic solvent is sdected from the group consisting of dichloro- 
methane, chloroform, DMF, tetrahydrofuran (THF), N-methyl pynrolidinonc or a mixture 
thereof, the reaction temperature is from(y*C to reaction temperature, and the period of 
5 reaction is 1-8 hotirs; 

in step (b) the reaction is run in aqueous acetonittilc, DMF or aqueous DMF; 
in step (c) dcprotecting said second intmnediate compounds by treatment with 
methanol or ethanol when OR^ is an ester or with fluoride in THF or acetonitrile when is 
a trialkylsilyl group, for from 1 to 24 hours; and 
10 in step (d) cyclizing said third intermediate compounds by treatment with dilute acetic 

acid or HCl in ethanol or propanol for a period of from 4 hours to 10 days to give the desired 
compounds* 
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A process for the preparation of tricyclic macrolide derivatives having 




,(ni) or 
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15. 

the Formulas: 
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wherein 

A, B, D and E arc independently selected from the group consisting of: 
5 (a) hydrogen; 

(b) Ci-C6-alkyl, as defined below, optionally substituted with one or 
more substituents selected from the group consisting of: 

(i) aryl, as defined below; 

(ii) substituicd-aiyl as defined below; 
10 (iii heieroaryl, as defined below; 

(iv substituted-heteroaryl, as defined below; 

(v) heterocycloalkyU as defined below; 

(vi) hydroxy; 

(vii) Ci-Cft-alkoxy, as defined below; 

15 (viii) halogen consisting of Br, CI, F or I; and 

(ix) NR^R^, where and R"* are taken with the nitrogen atom to 
which they are connected to fomi a 3- to 7-membeied ring optionally containing a hetero 
function consisting of -0-, -NH-. -N(Ci-C6-alkyl-)-, -NCaryl-Ci-Cft-alkyl-)-. 
-N(substitutcd-aryl-Ci.C6-allQrl-)-, -N(hct«aroaryKCi-C6-alkyl-)-, -N(substituted-hetcroaryl' 

20 Ci-C6-allcyl-)-, -S- or -S(0)n', wherein n is 1 or 2; 

(c) C3-C7-cycloaUgrl; 

(d) aiyl; 

(e) substituted-aryl; 

(f) hetcroaryl; 

25 (g) substituted-hcteroaryl; 

(h) heteiocycloalkyl; 
and 

(i) a group selected from option (b) above further subsdtuted with -M- 
R5. wherein M is selected from the group consisting of 

30 (aa) -C(0)'hfH-; 

(bb) -NH-C(0)s 
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(cc) -NH- 
(dd) -NCCHs)- 
(ce) -O 

35 (rr) -S(0)n-. wherein n is 0. 1 or 2; and 

(gg) .C(^NH)-NH-; 
and is selected from the group consisting of: 

(aaa) Ci-C6-alky], optionally substituted with a substituent selected 
from the group consisting of: 
40 (i) aiyl; 

(ii) substituted-aryl; 

(iii) heteroaryl; and 

(iv) substituted-hetCToaryl; 
(bbb) aryl; 

45 (ccc) substituted-aryl; 

(ddd) heteroaryl; 

(eee) subsdtuted-hcteroaryl; and 

(fff) heterocycloalkyi; 

or 

50 any one pair of substituents, consisting of AB, AD, AE, BD, BE or DE, is taken 

togcthCT with the atom or atoms to which they arc attached to form a 3- to 7-membcred ring 
optionally containing a hetero function consisting of: 

-0-, 

-NH-, 

55 -N(Ci-C6-alkyl-)-> 

•N(aryl.Ci-C6-alky]-)% 

-N(substituted-aryl-Ci -C6-alkyl-)v 

-N(hcteroaryl-Ci-C6-alkyl-)-, 

-N(substitutcd-heteroaryl.Ci-C6-allqrl.)-, 
60 -S- or -S(0)n-, wherein n is 1 or 2; 

-C(0)-NH.; 

-C(0)-NR5-, wherein is as described above; 
-NH-C(O)-; 

-NR^-C(O)-, wherein R5 is as described above; and 
65 -C(=NH)-NH-; 

R^ is selected from the group consisting of: 

(a) hydrogen; 

(b) hydroxy; 

(c) -0-Ci-C3-alkyl; 
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70 (d) -0-C3-C5-cycloalkyl; 

(e) -0-Ci-C3-alkyi-C3-C5-cycloalkyl; 

(f) -a-C(0)-Ci-C3-alkyl; 

(g) -0-C(0)-0-Ci-C3-alkyl: and 

(h) -0-C(0)-NH.Ci-C3-alkyl; 

75 is hydrogen or a hydroxy-protecting group, as defined below; and 

Z is hydroxy or protectcd-hydroxy; 
except when ihe compound is of FormiUas (I) or (HI) then A, D, and E may not all be 
hydrogen, D and E niay not be Ci-Cs-alkyl when A and B are hydrogen^ nor may one of D 
and E be hydrogen and the other be Ci-C3-alkyl when A and B are hydrogen; 
80 the method comprising: 

(a) treating a compound having the formula: 
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wherein R ^ is as described above and is a hydroxy-protecting group, with a base, and 
followed by reaction with carbonyldiimidazole, in an aprotic solvent, at a reaction 
85 temperature from -20''C to TO^'C. for a period from 0.5 to 24 hours, to prepare first 
intermediate compounds having the formulas: 
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6 NsC' 




, respectively; 
wherein and are as described above; 

(b) reacting said ilist intamediate compounds with a compound having 
the having the fonnula: 



90 wherein A, B, D, and E are as described above to give the bicyciic second intermediate 
compounds: 





•wO^^O'^CH, 
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, respectively; 

(c) reacting the hydroxy group of the said bicyclic second intermediate 
compounds by treatment with triphenylphosphine and diphenylphosphoryl azide in 
tetrahydiofiiran, under Mitsunobu reaction conditions, to prepare tiie third intermediate 
95 compounds: 




CH) 



7- 

HjC^ OCH, 





t or 
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respectively; and 

(e) cyclizing said fourth intermediate compounds by treatment with a dilute acid, 
100 in an organic solvent, for a period of from 4 hours to 10 days to give the desired compounds 
of Formulas (I), (H), (HI) or (IV). 

16. The process as in Claim 1 5 wherein: 

in step (a) the base is sodium hydride, lithium hydride, or potassium carbonate, the 
aprotic solvent is dichloromediane, chloroform, DMF, tetrahydrofuran (THF), N-methyl 
pyrrolidinone or a mixture thereof, the reaction temperature is from OX to reaction 
5 temperature, and the reaction period is from 1 -8 hours; 

in step (b) the solvent is aqueous acetonitrile, DMF or aqueous DMF; 

in step (c) the reagents are triphenylphosphine and diphenylphosphoryl azide-DEAD 
in tetrahydrofuran, under Mitsunobu reaction conditions; 

in Step (d) the reducing reagent is triphcnylphosphine-wat», hydrogen with a 
10 catalyst, sodium borohydride, or dialkylaluminum hydride; 

in step (e) cyclizing said third intenmediate conq>ound$ by treatment with dilute acetic 
acid or HCl in ethanol or propanol for a period of from 4 hours to 10 days to give the desired 
compounds. 

17. The process as in Claim 15 wherein: 

step (c) is replaced with a two-step sequence which comprises (I) reacting the 
hydroxy group of the bicycUc second intermediate compounds thereof with an alkyl or aryl 
sulfonyl chloride, an alkyl or aryl sulfonic anhydride or trifluoromethanesulfonic anhydride 
in an aprotic solvent at -78X to reaction temperature to give flie coiiesponding sulfonate, and 
(2) reacting the said sulfonate with lithium azide or sodium azide in an orotic solvent at O^C 
to 1 OO^'C to give die third intermediate compound. 



-113- 



INTERNATIONAL SEARCH REPORT 



[ntrr ^ AppIic«ttoa No 

PCT/US 96/16585 



A. CLASSIFICATION OF SUBJECT MAJTER 

IPC 6 C07H17/08 A61K31/70 



AccoittoK to lntein*ti<mal PaWtt Qmificnoo (IPC) of to both naticml claaificttton and t?C 



B. FIELDS SEARCHED 



Minimum dooMMntilion survhed (cUsificilion syaon followed by dvEsfication symbols) 

IPC 6 CQ7H A61K 



Docunenuiion sencbed oUier thai immmum doeumenuoon to On extent that iwch documcfn ut included in the fieldt searched 



Elcctnnttc dau baie cnwulied during die iniemaiiODa] search (name of dau base and, where pracbcali search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Cicahon of document, with indicanont where appropnatet oT the relevant pftssafCJ 



Rdevam lo claim No. 



EP 0 559 896 A (TAISHO PHARNA CO LTD) 15 

September 1993 

cited in the application 

see the whole document 

EP 0 638 585 A (TAISHO PHARMA CO LTD) 15 
February 1995 

see page 9, compound '(k)'. 
see claim 1 

EP 0 619 319 A (TAISHO PHARMA CO LTD) 12 
October 1994 



1-17 



1-17 



1-17 



□ 



Further documema arc h«cduithc ooRtimia&on of box C. 



0 



Patmt fanuly mcmbcn an hsMd in annex. 



' Spcaal catefoncs of dted documciiEi : 

A' document dcTinint the general oau of dw art wi»ch is not 

oDDfldered lo be of parbcultf relevance 
'E" earlier document but puHidied on or «Aer die imcrnaliona] 

nimf dJie 

*L' document whkh may throw doubts on phonty daim(s) or 
which is ated to esublish tht puMi canon date of another 
aution or other speaal reason (as ipcci&cd) 

'O* document refcmng to an oral disdosm. uve. cxfaibiaon or 
other means 

document puhlixhed pnor to the international filing daU but 
later thin the pnonty daU claimed 



'T* later document puHished after On mlemalional filing date 
or prtority date and not m eonOict with die anilicalion but 
atcd to nndenund die principle or theory underfying the 
mvendOh 

'X' doctment of paiticuJar relevance; the daimed invention 
cannot be ooiuidcred novel or cannot be canddered to 
mvolvc an lovenQve step when the document is taken alone 

'Y' document of particular rdevancr, the daimed lovninon 
cannot be conedered lo involve an invtnQve idep when the 
document u combined widi one or more cttter such docu- 
menu, sudi oorobitialion being obMOUS to a person skilled 
mtheart. 

'A' documem member of the lame patent family 



Date of the actual completion of die intcmaboaal search 



10 February 1997 



Name and mailing axJdrcss of the ISA 

European Patent omce, P.B. 5111 Patendaan 2 
NL . 2280 HV Rijswiik 
Td. ( 1- 31 *''Q) 340-2(HO, Tx. 31 651 cpo nl. 
Fax: (-^M -70) 340-3016 



Date of mailing o< die intcmauonal search report 



1 3 -03- 1997 



Aufhonzed officer 



Bardi 1i , W 



Fam PCr.'lSA,2IO (Mooi>a UveeiM^'^lT ^*^^> 



... 



INTERNATIONAL SEARCH REPORT 



uiform^bon on |istem faiziUy membcn 


ln;ej ;ial ApfilictMA No 

PCT/US 96/16585 


Patent doMmcnl 
cited in sevch report 


PubUcaiion 
dite 


Patent funily 
niciiibei(s) 


Publicaiion 
dale 



EP-A-e559896 15-09-93 CA-A- 2996969 29-05-92 

WO-A- 9269614 11-06-92 
US-A- 5403923 04-04-95 



EP-A-0638585 15-02-95 





4022393 


18-11-03 

XU XX 7^ 


DE-D- 


69305987 


19-12-96 


AT-T- 


135707 


15-04-96 


AT-T- 


145212 


15-11-96 


AU-A- 


4022293 


18-11-93 


CA-A- 


2118488 


23-10-93 


CA-A- 


2118489 


23-10-93 


DE-D- 


69301916 


25-04-96 


DE-T- 


69301916 


08-08-96 


EP-A- 


0638584 


15-02-95 


ES-T- 


2087737 


16-07-96 


JP-A- 


6009678 


18-01-94 


UO-A- 


9321199 


28-10-93 


UO-A- 


9321200 


28-10-93 


US-A- 


5591837 


07-01-97 



EP-A-0619319 


12-10-94 


AU-B- 


663145 


28-09-95 






US-A- 


5523399 


04-06-96 






AU-A- 


3172793 


28-07-93 






AU-B- 


667334 


21-03-96 






AU-A- 


3172893 


28-07-93 






CA-A- 


2126664 


08-07-93 






CA-A- 


2126665 


08-07-93 






EP-A- 


0619320 


12-10-94 






WO-A- 


9313115 


08-07-93 






WO-A- 


9313116 


08-07-93 



Fonn PCT.'1Sa;210 (psttM ftmily siumk) <Ju|y im) 



ST AVAILABLE COPY 



